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ABSTRACT 

A  preliminary  analysis  of  regional  corn  basis  variation  in  Illinois  indicates  that 
the  variation  in  the  local  corn  basis  is  accounted  for  by  the  variation  in  a  few  key 
market  factors.  These  market  factors,  however,  do  not  contribute  to  basis  variation 
in  a  consistent  manner  among  all  regions.  Tukey’s  honestly  significant  differences 
means  test  is  used  to  reduce  the  number  of  possible  candidates  for  interaction  effects. 
A  binary  variable  state- wide  specification  indicates  that  the  contribution  to  seasonal 
basis  variation  of  transportation  rates  and  stocks  relative  to  available  storage  capac¬ 
ity  is  region  specific. 


INTRODUCTION 

All  participants  in  the  grain  trade  are  affected  by,  and  often  dependent  upon, 
their  ability  to  interpret  cash-futures  price  relationships.  An  understanding  of  this 
temporal  price  relationship,  known  as  the  basis,  is  required  to  enhance  the  profits 
from  and  minimize  the  marketing  risks  inherent  in  grain  purchases  and  sales.  Grain 
producers  utilize  basis  knowledge  when  evaluating  cash  forward  bids,  participating 
in  futures  market  contracts,  and  selecting  delayed  pricing  contracts.  Grain  merchants 
analyze  basis  relationships  at  different  locations  and  purchase  or  sell  grain  based  upon 
suspected  distortions  in  anticipated  basis  patterns.  It  is  the  predictability  of  the  basis 
over  the  grain  marketing  year  that  makes  the  basis  an  invaluable  marketing  guide. 
In  particular,  basing  trades  upon  an  anticipated  basis  would  likely  lower  the  risk  and 
increase  the  net  income  from  grain  trading  to  a  greater  degree  than  basing  trades 
upon  an  anticipated  cash  price.  In  order  to  anticipate  the  basis,  however,  the  factors 
that  contribute  to  regional  and  temporal  basis  variation  must  be  identified. 
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Seasonal  variation  in  the  marketing,  carrying  of  inventories,  and  demand  for  corn 
is  reflected  in  corn  basis  variation  over  the  crop  year.  As  a  rule,  the  basis  will  strengthen 
as  the  crop  year  progresses  beyond  harvest.1  However,  the  basis  need  not  strengthen 
at  a  unform  rate  or  in  a  particular  crop  year  strengthen  at  the  same  rate  for  all  mar¬ 
ket  participants.  Various  factors,  such  as  storage  availability  and  utilization,  ware¬ 
housing  costs,  transportation  equipment  availability,  weather  and  labor  disputes  can 
affect  the  nearby  different  than  the  future  time  period  or  have  a  differential  impact 
among  regions. 

The  objective  of  this  study  is  to  identify  the  factors  which  cause  the  local  corn 
basis  at  Illinois  elevators  to  vary  during  the  crop  year  and  to  differ  among  regions. 
The  factors  which  cause  the  level  and  seasonal  strengthening  of  the  basis  to  differ 
among  Illinois  crop  reporting  regions  will  be  quantified  through  multiple  regression 
techniques.  This  analysis  will  be  region  specific.  In  addition,  a  state- wide  model  incor¬ 
porating  the  information  gathered  in  the  region  specific  analyses,  and  allowing  for 
any  significant  interaction  between  independent  variables  and  a  particular  region 
will  be  developed.  Simply  stated,  the  results  from  the  state- wide  model  will  suggest 
if  a  particular  independent  variable  contributes  differently  to  basis  variation  in  one 
region  than  in  another. 

Empirical  studies  (Davis  and  Hill,  1974;  Powers  and  Johnson,  1983;  Martin, 
Groenewegen  and  Pidgeon,  1981;  and  Garcia  and  Good,  1983)  have  demonstrated 
that  the  linkage  between  basis  variation  and  seasonality  can  be  established  by  con¬ 
sidering  a  few  key  market  factors.  Over  a  crop-year  the  interest  costs  of  holding  grain 
inventories,  cash  prices,  grain  stocks  and  transportation  rates  to  primary  grain  mar¬ 
kets  will  vary.  Empirically  supported  hypotheses  indicate  that  a  positive  change  in 
any  of  these  factors  will  cause  the  basis  to  weaken.2  Over  a  period  of  years  the  inter¬ 
year  variation  in  these  factors  along  with  variation  in  regional  production  levels  and 
storage  costs  will  impact  the  level  of  the  basis.  A  weakening  of  the  basis  is  expected 
if  any  of  these  factors  increase  over  the  previous  year’s  level. 


DATA  REQUIREMENTS 

The  North,  South  Central,  St.  Louis  and  Wabash  regions  (see  Figure  1)  repre¬ 
sent  a  cross-section  of  Illinois  corn  production  and  marketing  patterns.  The  local  basis 
for  each  region  is  calculated  as  the  difference  between  Thursday’s  average  cash  price 
(#2  yellow  corn)  of  reporting  elevators  and  the  closing  Chicago  Board  of  Trade  July 
futures  price  on  that  date  (ILL  Grain  and  Livestock  Market  News).  The  Thursday’s 
bases  for  a  given  month  are  then  averaged  to  obtain  a  monthly  series  extending  from 


lrThe  theory  of  carrying  charges  markets  (Heironymus,  and  Working,  1976)  offers  an  explanation  for 
this  pattern.  This  theory  is  based  upon  three  assumptions:  (1)  storable  commodities  are  produced  at 
one  time  of  year  and  used  at  a  fairly  even  rate  throughout  the  year  necessitating  the  carrying  of  inven¬ 
tories,  (2)  there  are  costs  in  storing  and  maintaining  the  quality  of  commodities,  and  (3)  there  are  virtu¬ 
ally  no  costs  in  holding  futures  contracts.  Therefore,  cash  prices  will  increase  in  relation  to  future  prices 
as  the  storage  season  progresses. 

2Garcia  and  Good,  1983,  for  example,  demonstrate  that  a  10%  increase  in  corn  stocks  relative  to  stor¬ 
age  capacity,  regional  corn  production  relative  to  storage  capacity,  interest  costs  and  cash  price  will 
cause  a  1.5,  0.9,  0.3  and  1.9  cents  per  bushel  of  corn  widening  of  the  basis  during  the  harvest  season, 
respectively.  It  is  also  demonstrated  that  the  impact  of  these  factors  will  change  depending  upon  the 
season.  For  example,  the  variation  in  transportation  rates  will  have  a  significant  impact  upon  basis 
variation  in  the  post-harvest  period,  but  not  during  the  harvest  periods. 
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October,  1978  through  July,  1983.  As  in  previous  work,  the  months  of  August  and 
September  are  not  included.  The  primary  factor  contributing  to  basis  variation  dur¬ 
ing  these  months  is  the  expected  size  of  the  new  crop.  Since  crop  estimates  during 
August  and  September  are  highly  speculative,  their  impact  upon  the  basis  is  exceed¬ 
ingly  difficult  to  predict  (Martin  et.  al.,  1981).  The  July  futures  price  is  selected  because 
the  seasonal  variation  in  the  basis  is  portrayed  in  a  continuous  fashion  reflective  of 
a  carrying  charge  market.  In  addition,  the  July  contract  incorporates  factors  that 
impact  both  the  nearby  and  deferred  markets  within  a  given  crop  year,  whereas  a 
basis  derived  from  nearby  contract  expiration  months  is  primarily  influenced  by  cur¬ 
rent  market  conditions. 

For  descriptive  purposes,  the  model  initially  utilized  in  the  four  separate  regional 
analyses  to  determine  the  factors  contributing  to  basis  variation  may  be  represented 
as  follows: 


BASISrt  =  f  (CASHrt,  INTrt,  PRODSTrt,  STOCKSTrt,  TRANS 


rt’ 


(1) 


where 


GULFBASt,  DINDEXt) 


BASISrt  =  local  corn  basis  in  center  per  bushel  for  region  r,  month  t 
CASHrt  =  local  cash  bid  for  corn  at  reporting  elevators  in  region  r,  month  t 
INTrt  =  local  interest  costs  in  cents  per  bushel  in  region  r,  month  t 
PRODSTrt  =  ratio  of  corn  production  to  permanent  commercial  storage  capac¬ 
ity  in  region  r,  month  t 

STOCKSTrt  =  ratio  of  corn  stocks  to  permanent  commercial  storage  capacity 

in  region  r,  month  t 

TRANSrt  =  barge  transportation  cost  to  Gulf  ports  in  cents  per  bushel  for 
region  r,  month  t 

GULFBASt  =  Gulf  basis  in  cents  per  bushel  in  month  t 
DINDEXt  =  change  in  agricultural  price  index  from  previous  year  in  month  t. 

The  implied  assumption  behind  the  relationship  between  cash  price  (CASH)3 
and  the  basis  is  that  producers  base  marketing  decisions  upon  current  price  levels. 
Low  prices  will  discourage  the  flow  of  corn  to  market  and  the  basis  will  strengthen. 
Conversely  high  prices  encourage  heavy  marketings  and  the  basis  will  weaken.  Vari¬ 
ations  in  cash  price  will  also  impact  the  basis  through  the  variation  in  the  opportu¬ 
nity  cost  of  holding  inventories.  Interest  costs  (INT),  equivalent  to  the  product  of 
the  interest  rate  times  the  cash  price  times  the  length  of  time  in  storage,  serves  as 
a  proxy  for  this  opportunity  cost.  Quarterly  interest  rates  on  non-real  estate  loans 
(USDA:  Agr.  Finance  Stat.)  is  multiplied  by  cash  price  and  the  storage  months  remain¬ 
ing  until  contract  expiration.  For  example,  October  is  ten  months,  November  is  nine 
months,  and  so  on.  It  is  hypothesized  that  a  cash  price  and/or  interest  rate  increase 
will  result  in  a  greater  risk  to  holders  of  grain  inventories.  The  market  place  responds 
to  greater  risks  by  increasing  handling  margins  and  placing  a  greater  risk  premium 
on  capital;  both  factors  cause  the  basis  to  weaken. 

Alternative  measures  of  regional  corn  supply  and  usage  are  PRODST  and 
STOCKST.  PRODST  measures  the  inter-year  variation  in  regional  corn  production 
relative  to  off-farm  commercial  storage  capacity  (USDA:  Grain  and  Feed  Market 


3The  subscripts  of  equation  1  will  be  implied  in  all  discussion  and  tables  to  follow. 
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News)4.  STOCKST  indirectly  measures  the  monthly  usage  of  corn  over  the  crop  year 
by  estimating  the  current  end  of  month  stock  situation  relative  to  available  storage 
capacity.  Unfortunately,  the  data  required  to  estimate  end  of  month  regional  stocks; 
corn  stocks  in  all  positions  and  the  estimated  monthly  percentage  of  farm  sales  of 
corn,  are  not  reported  at  regional  levels.  Therefore,  state  wide  corn  stocks  and  market 
data  on  estimated  farm  sales  were  combined  with  regional  off-farm  commerical  storage 
capacity  to  approximate  regional  corn  usage.  Computed  in  this  manner  the  mean 
monthly  regional  stocks  to  storage  ratios  are  11.4,  3.4,  12.2,  and  70.6  for  the  North, 
South  Central,  St.  Louis,  and  Wabash  regions,  respectively.  It  is  hypothesized  that 
as  the  production  to  storage  ratio  increases,  the  basis  will  weaken.  Similarly,  as  the 
quantity  of  available  stocks  relative  to  storage  capacity  increases,  the  basis  will  weaken. 

Transportation  costs  to  primary  grain  markets  (TRANS)  are  an  important  con¬ 
tributing  factor  to  temporal  and  spatial  basis  variation.  Region  specific  barge  rates 
(St.  Louis  Market  Record,  1979-1983)  in  center  per  bushel  are  established  for  Seneca, 
IL  (North  region),  Peoria,  IL  (South  Central  region),  St.  Louis,  MO  (St.  Louis  region) 
and  Henderson,  KY  (Wabash  region).  Over  the  length  of  the  time  series,  barge  rates 
have  been  quite  variable.  This  variability,  however,  has  not  been  consistent  across 
river  segments.  For  example,  barge  rates  for  shipments  originating  at  Peoria  have 
ranged  from  14  cents  to  39  cents  per  bushel,  whereas  at  Henderson,  KY  the  range 
in  rates  is  11  to  41  cents.  It  is  believed  that  region  specific  barge  rates  will  allow  for 
a  more  accurate  depiction  of  the  relationship  between  transport  costs  and  regional 
basis  variation.5  It  is  hypothesized  that  as  barge  rates  increase  the  basis  will  weaken. 

The  Gulf  basis  (GULFBAS)  is  calculated  as  a  monthly  average  of  the  Thursday 
differences  between  the  FOB  New  Orleans  corn  export  price  and  the  closing  Chicago 
Board  of  Trade  futures  quote.  The  intent  of  including  the  Gulf  basis  was  to  estimate 
the  response  in  the  local  basis  to  export  demand.  Although  both  the  Gulf  price  and 
the  local  cash  price  are  differenced  from  the  July  futures  price,  the  market  condi¬ 
tions  suggested  by  the  individual  bases  are  distinct.  The  magnitude  of  the  Gulf  basis 
reflects  export  demand  in  relation  to  corn  availability  at  Gulf  ports.  The  magnitude 
of  local  basis  reflects  local  market  conditions.  A  shortage  of  corn  at  Gulf  ports  would 
cause  the  Gulf  price  to  gain  in  relation  to  the  futures.  The  Gulf  basis  would  strengthen. 
Given  that  corn  exports  command  a  healthy  share  of  total  Illinois  corn  usage,  the 
strengthening  of  the  Gulf  basis  would  increase  demand  for  export  corn  in  local  mar¬ 
kets.  The  local  basis,  therefore,  will  also  strengthen. 

Since  a  reliable  time-series  of  storage  cost  data  is  difficult  to  obtain,  the  variation 
in  storage  costs  is  approximated  by  the  change  in  the  agricultural  production  prices- 
paid  index  (DINDEX).  This  index  is  an  index  of  prices  paid  by  farmers  for  inputs 
(USDA:  Agr.  Stat)  and  includes  a  wide  range  of  production  expenses.  In  contrast 
to  a  linear  trend,  as  used  in  previous  studies,  DINDEX  should  better  approximate 
the  variability  in  costs  over  the  series.  For  example,  between  1978  and  1979  the  price 
index  increased  by  17  % ;  however,  the  increase  between  1981  and  1982  is  only  1  %  . 


4Given  that  regional  production  levels  and  storage  capacity  will  vary  over  a  period  of  years,  previous 
researchers  have  standardized  the  supply  relationship  as  a  ratio  of  production  levels  to  storage  capac¬ 

ity.  This  practice,  which  allows  for  inter-year  adjustments  in  both  quantities  is  followed  in  this  analysis. . 
°Given  that  the  barge  trading  session  has  been  in  operation  since  August  1,  1978,  previous  studies  have 
not  had  access  to  river  specific  rates.  Garcia  and  Good,  for  example,  utilized  an  average  monthly  rate 
computed  for  Peoria,  IL  and  accounted  for  regional  variation  in  transport  rates  by  a  regional  dummy 
variable  configuration. 


5 


A  linear  trend  would  have  assigned  an  equal  weighting  to  each  of  these  between  year 
changes.  The  hypothesized  relationship  between  the  basis  and  DINDEX  is  positive; 
that  is,  a  larger  change  in  the  price  index  would  result  in  a  relatively  larger  weaken¬ 
ing  of  the  basis  over  the  previous  year  than  if  DINDEX  was  small. 

REGIONAL  MODEL  SPECIFICATION 

Table  1  presents  the  estimated  relationship  between  the  variability  in  the  local 
basis  and  the  market  factors  discussed  in  the  previous  section.  Multiple  regression 
parameter  estimates  and  accuracy  measures  are  presented  for  the  best-fit  models  as 
determined  by  preliminary  analysis.  Ordinary  least  squares  (OLS)  regression  is 
utilized  in  the  North  region,  while  corrections  for  autoregressive  behavior  of  the 
residuals  (ALS)  have  been  included  in  the  South  Central,  Wabash,  and  St.  Louis 
specifications.6 

The  parameter  estimates  for  GULFBAS,  TRANS  and  STOCKST  are  significant 
and  of  the  hypothesized  sign  in  all  four  regions.  The  Gulf  basis  has  the  most  consis¬ 
tent  estimate  across  the  four  regions.  A  one  cent  increase  (strengthening)  of  the  Gulf 
basis  implies  an  approximate  0.5  cent  strengthening  of  the  local  basis.  Both  the  param¬ 
eter  estimates  and  t-values  for  the  independent  variable  TRANS  imply  that  the  impact 
upon  the  local  basis  of  a  change  in  transportation  costs  declines  as  the  distance  to 
Gulf  ports  decreases.  In  the  North  region  a  one  cent  per  bushel  increase  in  barge 
rates  implies  a  0.92  cent  weakening  in  the  local  basis.  The  local  basis  in  the  Wabash 
region,  however,  would  weaken  by  0.43  cents.  While  the  impact  of  an  increase  in 
the  stocks  to  storage  ratio  (STOCKST)  is  of  the  hypothesized  sign  in  all  regions,  that 
is,  as  stocks  to  available  storage  increases  the  basis  weakens,  the  pattern  of  coeffi¬ 
cients  suggests  an  inverse  relationship  to  the  estimated  stocks  to  storage  capacity  ratio. 
The  largest  coefficient  is  reported  for  the  South  Central  region  and  the  smallest  for 
the  Wabash  region.  The  South  Central  region  contains  the  relatively  largest  storage 
capacity,  and  therefore  the  smallest  stocks  to  storage  ratio.  The  opposite  hold  true 
for  the  Wabash  region. 

The  remaining  independent  variables  (DINDEX,  INT,  and  PRODST)  did  not 
consistently  impact  basis  variation  in  all  four  regions.  DINDEX  is  a  significant  fac¬ 
tor  in  explaining  basis  variation  in  the  St.  Louis  and  Wabash  regions.  A  one  unit 
(one  percentage  point)  increase  in  DINDEX  will  cause  a  0.47  cent  and  0.65  cent 
weakening  of  the  local  basis  for  the  St.  Louis  and  Wabash  regions,  respectively.  INT 
is  significant  in  the  North  and  Wabash  regions.  A  one  cent  increase  in  interest  costs 
causes  0.32  and  0.24  cent  weakening  of  the  local  basis  in  the  North  and  Wabash 
regions,  respectively.  PRODST  is  significant  in  the  North  Region. 

Noticeably  absent  from  any  of  the  four  regional  specifications  is  the  significant 
influence  of  cash  price  on  basis  variation.  In  fact,  preliminary  analysis  indicated  a 


6  As  a  general  rule,  serial  correlation  among  the  residuals  will  not  affect  the  unbiasedness  or  consistency 
of  the  OLS  parameter  estimates;  it  does,  however,  affect  their  efficiency.  This  will  lead  to  the  conclu¬ 
sion  that  parameter  estimates  are  more  precise  than  they  actually  are.  The  t-statistics  and  R“  will  be 
overstated.  The  calculated  Durbin-Watson  statistic  (DW)  for  the  OLS  estimates  indicated  definite  positive 
autocorrelation  for  the  South  Central  region  (DW  =  1.25).  The  test  was  inconclusive  for  the  St.  Louis 
(DW  =  1.59)  and  Wabash  (DW  —  1.46)  regions.  In  addition,  upon  correction  for  serial  correlation 
the  parameter  estimate  for  DINDEX  was  no  longer  significant  in  the  South  Central  region;  this  varia¬ 
ble  was  dropped  from  the  model  specification.  There  were  no  changes  in  the  specifications  of  the 
St.  Louis  and  Wabash  models. 
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non-significant  and  negative  relationship  between  cash  price  and  basis  variation,  that 
is,  as  cash  price  increases,  the  basis  strengthens.  Previous  stated  hypotheses,  supported 
by  empirical  studies  (Garcia  and  Good,  1983)  suggest,  however,  that  cash  price  and 
the  basis  should  be  positively  related.  Two  comments  are  required.  First,  the  previ¬ 
ous  study  considered  local  basis  patterns  under  the  nearby  contract  expiration  month. 
A  comparison  of  between  year  basis  levels,  therefore,  would  emphasize  trend  over 
seasonality.  In  this  study,  a  greater  emphasis  is  placed  upon  seasonal  basis  variation. 
During  the  five  year  time  span,  the  general  trend  was  for  the  cash  price  to  increase 
and  the  basis  to  strengthen  from  harvest  levels.  Secondly,  over  the  time  period  stud¬ 
ied,  there  has  been  a  dramatic  decline  in  barge  rates.  For  example,  for  Gulf  ship¬ 
ments  originating  in  Peoria,  the  mean  barge  rate  from  October  to  July  for  the  1980/81 
crop  year  was  29.2  cents  per  bushel.  For  the  crop  year  beginning  October,  1983  the 
mean  barge  rate  had  declined  to  17.9  cents.  Accompanying  this  decline  in  barge  rates 
has  been  a  similar  decline  in  the  local  basis.  The  mean  basis  during  the  1980  crop 
year  was  45.6  cents  per  bushel.  For  the  crop  year  beginning  October,  1983  the  mean 
basis  had  declined  to  20.3  cents.  Cash  prices,  however,  did  not  decline  in  a  similar 
fashion.  Indeed,  over  the  five  year  period,  mean  cash  prices  increased  from  $2.23 
per  bushel  to  $2.70.  Therefore,  it  seems  likely  that  the  weakening  of  the  basis  expected 
to  result  from  increasing  cash  prices  was  offset  by  the  decline  in  barge  rates. 

STATE-WIDE  MODEL  SPECIFICATION 

In  the  previous  section,  the  independent  variables  TRANS,  INT,  STOCKST, 
GULFBAS,  DINDEX,  and  PRODST  were  determined  to  have  a  significant  impact 
upon  regional  basis  variation.  The  changes  in  these  explanatory  variables  did  not, 
however,  contribute  to  basis  variation  in  a  consistent  manner  in  all  regions.  In  this 
section,  a  state-wide  specification,  incorporating  the  data  from  all  four  regions,  is 
developed  to  examine  the  primary  contributing  factors  to  seasonal  variation  in  the 
corn  basis.  A  model  of  this  type  must  allow  for  interaction  between  independent  vari¬ 
ables  and  particular  regions.  The  multiple  regression  framework  may  be  extended 
to  include  all  possible  interactions  as  follows: 

BASISrt  =  Bo  +  BjXrt  +  <5rXrtZr  +  et 
where 

Xrt  =  independent  variables,  as  defined  in  equation  1,  for  region  r,  month  t 
<5rXrtZr  =  interaction  term,  where  6  =  regression  parameter  specific  to  region 
r,  and  Zr  =  binary  (dummy)  variable  equal  to  1  for  region  r,  zero 
otherwise 

Given  four  regions  and  six  independent  variables,  the  possible  candidates  for  in¬ 
teraction  effects  is  quite  large.  Specifically,  there  are  84  such  combinations  of  a 
binary  variable  and  the  six  independent  variables  considered.7  Therefore,  some 
judgement  must  be  made  concerning  the  possible  candidates.  On  apriori  grounds  the 
variables  DINDEX  and  GULFBAS  can  be  dropped  from  consideration.  The  data 
for  each  of  these  variables  if  replicated  in  each  region's  observations.  A  preliminary 

'For  each  independent  variable  the  number  of  candidates  are  the  sum  of  4Cj  +  4C0  +  4C3  where  C 
means  the  combination  operator.  The  remaining  combination,  4C4,  is  equivalent  to  an  insignificant 
interaction  effect. 
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indication  of  interaction  between  the  remaining  variables  and  region  may  be  ascer¬ 
tained  by  testing  for  significant  differences  between  the  regional  means  of  individual 
variables.  Tukey’s  honestly  significant  difference  (HSD)  allows  for  a  multiple  com¬ 
parison  between  regions  of  the  mean  values  for  a  particular  variable.  Of  the  various 
methods  available  for  this  purpose,  Tukey’s  HSD  is  suitable  when  samples  are  of  equal 
size  (Roscoe,  1975)  as  is  the  case  in  this  analysis  (50  observations  per  variable  in  each 
region.)8 

Table  2  presents  the  regional  means,  relevant  test  statistics,  and  the  significantly 
different  grouping  of  means  as  determined  by  the  Tukey  HSD  comparison.  As  indi¬ 
cated,  there  are  no  significant  regional  differences  in  the  mean  values  of  the  variable 
INT.  The  only  variation  in  INT  is  the  regional  cash  prices.  The  variation  in  cash 
prices  is,  therefore,  not  significant  enough  to  cause  INT  to  differ  between  regions. 
The  mean  values  for  the  variable  TRANS  are  classified  into  two  distinct  groupings. 
It  is  interesting  to  note  that  the  groupings  are  upon  a  river  segment  basis.  The  North, 
and  South  Central  regions  are  served  by  the  Illinois  River.  The  St.  Louis  and  Wabash 
regions  are  served  by  the  Lower  Mississippi  and  Ohio  Rivers,  respectively.  Both 
STOCKST  and  PRODST  are  classified  on  the  basis  of  mean  values  into  three  distinct 
groupings.  Establishing  that  the  regional  means  of  PRODST,  STOCKST,  and  TRANS 
are  significantly  different  is  at  best  a  preliminary  result.  The  significance  of  the  sug¬ 
gested  interactions  need  to  be  tested  within  the  framework  of  equation  2.  However, 
note  that  because  of  apriori  reasoning  and  the  results  of  Tukey’s  HSD  comparisons 
test,  the  84  candidates  for  interactive  effects  have  been  reduced  to  eight.  Further¬ 
more,  given  that  the  utilization  of  binary  variables  requires  a  control,  that  is,  a  non¬ 
interactive  term,  the  significance  of  only  5  interactive  terms  will  need  to  be  tested. 
Table  3  presents  the  regression  parameter  estimates  and  accuracy  measures  for  the 
state- wide  model  specification.  As  in  the  regional  analyses,  only  the  best-fit  model 
is  presented.  The  Durbin- Watson  statistic  suggested  the  presence  of  serial  correlation 
among  the  errors  of  the  ordinary  least  squares  (OLS)  estimates,  therefore,  the 
parameters  corrected  for  this  behavior  (ALS)  are  also  included.  The  independent  vari¬ 
ables  STW  and  STCS  are  defined  as  a  binary  variable  times  STOCKST  for  the  Wabash 
and  South  Central  regions,  respectively.  TILL  is  a  binary  variable  and  TRANS  com¬ 
bination  for  Illinois  River  shipments  (i.e.,  North  and  South  Central  regions). 

The  primary  factors  contributing  to  seasonal  basis  variation  in  Illinois  are  TRANS, 
INT,  STOCKST,  GULFBAS,  and  DINDEX.  The  coefficient  for  GULFBAS  (0.52) 
is  very  similar  to  the  coefficients  estimated  in  regional  models.  The  variables 
DINDEX  and  INT,  although  they  did  not  significantly  contribute  to  basis  variation 
in  all  the  regional  analyses,  do  enter  the  state- wide  model  in  a  significant  fashion. 
A  one  percentage  point  increase  in  DINDEX  will  cause  an  estimated  0.32  cent  weaken¬ 
ing  of  the  basis.  A  one  cent  increase  in  INT  will  cause  an  estimated  0.21  cent  weaken¬ 
ing  of  the  basis.  Both  effects  are  somewhat  diminished  from  the  regional  specification. 
The  impact  upon  basis  variation  of  a  change  in  TRANS  or  STOCKST  depends  upon 
region.  This  difference  can  be  illustrated  by  considering  the  regression  coefficients 

8It  is  also  true  that  regional  differences  between  available  means  can  be  determined  using  Analysis  of 
Variance  (ANOVA)  procedures  with  region  as  the  classification  variable.  ANOVA,  however,  only  sug¬ 
gests  that  the  difference  is  significance,  not  which  particular  region,  or  regions,  are  the  cause  of  this 
difference.  Results  from  the  ANOVA  procedure  indicated  significant  differences  at  the  99%  confidence' 
level  for  all  variables  but  INT.  For  INT,  the  null  hypothesis  of  no  significant  differences  could  not  be 
rejected  at  the  95%  confidence  level. 
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(slopes)  for  each  of  the  four  regions.  Simplifying  to  only  these  two  effects,  the  contri¬ 
bution  of  TRANS  and  STOCKST  to  basis  variation  is  the  following: 


North  region:  (1.59  + 

South-Central  region:  (1.59  + 

St.  Louis  region:  (1.59  + 

Wabash  region:  (1.59  - 


0.00)  STOCKST  + 
2.60)  STOCKST  + 
0.00)  STOCKST  + 
1.40)  STOCKST  + 


(0.62  +  0.16)  TRANS 
(0.62  +  0.16)  TRANS 
(0.62  +  0.00)  TRANS 
(0.62  +  0.00)  TRANS 


An  interesting  perspective  on  how  the  interaction  of  TRANS  with  region  and 
STOCKST  with  region  impact  the  level  and  strengthening  of  the  corn  basis  may  be 
gained  with  reference  to  Figure  2.  The  estimated  October  and  July  bases,  control¬ 
ling  for  the  variation  in  all  independent  variables  but  TRANS  and  STOCKST9,  are 
determined  by  allowing  TRANS  and  STOCKST  to  assume  mean  values  by  the  regional 
classifications  of  Table  2  for  these  months.  All  mean  values  are  then  substituted  into 
the  ALS  mdoel  of  Table  3.  The  slope  of  the  line  segment  connecting  the  October 
and  July  bases  represents  the  average  monthly  strengthening  of  the  basis  resulting 
from  the  differential  regional  impacts  of  TRANS  and  STOCKST.  Note  that  the  basis 
in  the  North  and  South  Central  regions  (served  by  the  Illinois  river)  are  consistently 
wider.  In  addition,  note  that  the  rate  at  which  the  basis  strengthens  differs  among 
the  regions.  The  basis  strengthens  the  least  in  the  Wabash  regio  (about  1.8  cents  per 
month).  The  largest  rate  of  basis  narrowing  —  2.7  cents  per  month  —  occurs  in  the 
North  region.  This  differential  rate  of  basis  narrowing  over  the  crop  year  results  in 
a  range  of  basis  levels  that  is  considerably  smaller  in  July  than  in  October. 


SUMMARY 

A  variety  of  market  factors  impact  the  level  and  the  rate  at  which  the  basis 
strengthens  over  the  crop  year  among  Illinois  crop  reporting  regions.  The  variation 
in  these  factors,  however,  does  not  contribute  to  basis  variation  in  a  consistent  man¬ 
ner  among  all  regions.  This  is  demonstrated,  first,  by  the  fact  that  a  consistent  set 
of  independent  variables  and  regression  parameter  estimates  could  not  be  developed 
in  separate  regional  analyses,  and  secondly,  by  the  significance  of  interaction  terms 
included  in  a  state- wide  model  specification.  The  contribution  of  the  variation  in 
transportation  rates  and  monthly  corn  usage,  as  represented  by  the  stocks  to  storage 
ratio,  to  the  rate  at  which  the  basis  strengthens  is  region  specific. 
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Table  1.  Multiple  Regression  Equations  Explaining  the  Variation  in  Local  Corn 
Basis  for  Four  Illinois  Crop  Reporting  Regions. 


Independent 

Variables 

Crop  Reporting  Regions 

North 

South  Central 

St.  Louis 

Wabash 

Intercept 

-  19.463 

1.738 

-7.592 

-12.108 

(2.08)a 

(0.42) 

(-  1.629) 

(-2.94) 

STOCKST 

0.942 

4.944 

2.137 

0.287 

(3.85) 

(5.74) 

(8.050) 

(5.22) 

TRANS 

0.920 

0.763 

0.636 

0.432 

(6.85) 

(5.41) 

(3.51) 

(2.63) 

GULFBAS 

0.463 

0.603 

0.539 

0.495 

(7.32) 

(11.03) 

(8.65) 

(7.87) 

DINDEX 

0.474 

0.649 

(2.2) 

(2.95) 

INT 

0.320 

0.235 

(2.77) 

(2.40) 

PRODST 

6.884 

(2.16) 

R2 

,943b 

.923 

.922 

.952 

DW 

1.902 

1.769 

1.948 

1.927 

at-statistics  in  parenthesis. 

bR“  =  R2  corrected  for  degrees  of  freedom. 
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Table  2:  Tukey’s  HSD  Statistic  for  Comparison  of  Means  for  Independent  Variables 
Considered  for  State-wide  Model  Specification 


Independent  Variable 

INT 

TRANS 

STOCKST 

PRODST 

Regional  Means: 

North  (N) 

19.99 

27.85 

11.36 

3.00 

South  Central  (SC) 

20.48 

25.57 

3.36 

1.20 

St.  Louis  (ST) 

20.54 

19.59 

12.22 

1.79 

Wabash  (W) 

21.21 

18.30 

70.62 

2.90 

Test  Statistics3 

MSD 

5.99 

3.34 

6.39 

0.16 

MSE 

133.88 

4.57 

152.05 

0.94 

Mean  Groupingsb 

N,SC,ST,W 

N,SC 

N,ST 

N,W 

ST,W 

SC 

SC 

w 

ST 

aTukey’s  HSD  computes  the  minimum  significant  difference  (MSD)  as  follows: 

MSD  =  (MSE/n) 

where  =  3.665,  critical  value  of  standardized  range  statistic  for  a  =  .05  and  196  degrees  of 
freedom,  n  =  50. 

MSE  =  mean  squared  error 

bgrouping  of  means  with  non-significant  differences 
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Table  3.  Multiple  Regression  Equations  Explaining  the  Variation  in  the  Local 
Corn  Basis  in  Illinois. 


Independent 

V  ariables 

Regression  Specification 

OLS 

ALS 

Intercept 

-6.523 

-3.823 

( -  2.9)a 

(-1.3) 

STOCKST 

1.739 

1.590 

(12.6) 

(7.7) 

STW 

-1.529 

-1.405 

(-13.1) 

I 

oo 

T9 

STSC 

2.932 

2.604 

(7.6) 

(4.9) 

TRANS 

0.671 

0.623 

(7.0) 

(5.6) 

TILL 

0.147 

0.156 

(3.0) 

(3.2) 

GULFBAS 

0.499 

0.523 

(13.5) 

(12.6) 

INT 

0.160 

0.215 

(2.9) 

(2.8) 

DINDEX 

0.426 

0.323 

(4.1) 

(2.2) 

R2 

.94 

.89 

D.W. 

1.211 

1.97 

at-values  in  parenthesis. 
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Fig.  1.  Location  of  Illinois  Regions 
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Fig.  2.  The  Narrowing  of  the  Illinois  Corn  Basis  Due  to  Interaction  of  TRANS  and  STOCKST  with 
Region,  in  cents  under  July 
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ABSTRACT 

Forest  and  prairie  vegetation  of  Coles  County,  Illinois  in  presettlement  times  is 
mapped  using  the  General  Land  Office  survey  notes  of  1821  and  1822.  Prairie  was 
the  most  extensive  vegetation  type  covering  60  %  of  the  county.  Twenty-one  tree  species 
and  three  species  groups  (hickories,  elms,  and  ashes)  were  listed  in  the  original  sur¬ 
vey  as  witness  trees.  White  oak,  with  an  importance  value  of  85.5  was  the  leading 
dominant,  followed  by  black  oak,  hickories,  red  oak,  and  elms. 

INTRODUCTION 

Knowledge  of  presettlement  vegetation  is  necessary  for  the  study  of  long  term 
ecological  processes  and  as  base  line  data  for  the  study  of  present  day  plant  commu¬ 
nities.  In  general,  trends  in  forest  succession  and  the  shift  of  plant  community  bound¬ 
aries  occur  over  a  period  of  time  and  are  usually  not  detectable  in  short-term  studies. 
Therefore,  a  comparison  of  presettlement  vegetation  with  that  existing  at  the  present 
time  allows  an  estimation  of  the  degree  and  direction  of  vegetation  changes  during 
the  last  150  years  or  so  in  central  Illinois. 

The  General  Land  Office  survey  notes  are  occasionally  being  used  to  reconstruct 
presettlement  vegetation,  and  when  used  in  conjunction  with  non-survey  sources  of 
information  provide  a  reasonable  picture  of  the  vegetation  prior  to  settlement  (Bourdo, 
1956).  In  Illinois  the  extent  of  prairie  was  determined  using  this  material  (Anderson, 
1970),  as  well  as  the  presettlement  vegetation  of  Lake  County  (Moran,  1976),  Kane 
County  (Kilburn,  1959),  and  Douglas  County  (Ebinger,  1986a).  In  surrounding  states 
this  technique  was  used  extensively  to  study  the  presettlement  vegetation  of  various 
areas  in  Wisconsin  by  Barnes  (1974),  Cottam  (1949),  Ellarson  (1949),  Goder  (1956), 
Neuensch wander  (1956),  and  Stroessner  and  Habeck  (1956),  as  well  as  occasionally 
in  Michigan  (Kenoyer,  1933),  and  Indiana  (Potzger  and  Potzger,  1950). 
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In  the  present  study,  the  presettlement  vegetation  of  Coles  County,  Illinois  was 
reconstructed  using  the  General  Land  Office  survey  notes.  Coles  County  is  located 
in  east-central  Illinois  (88°,  15  '  W,  39°,  30  '  N)  in  the  extreme  southern  part  of  the 
Grand  Prairie  Division  (Schwegman,  1973).  The  county  has  an  area  of  509  square 
miles.  In  the  northern  half  of  the  county  the  topography  is,  for  the  most  part,  flat 
to  gently  rolling  due  to  ground  moraine  deposits  resulting  from  Wisconsin  glacia¬ 
tion.  The  southern  half  is  broken  and  rolling  due  to  the  terminal  moraine  of  Wiscon¬ 
sin  glaciation  and  extensive  down-cutting  of  the  Embarras  River.  Two  river  systems 
traverse  the  county,  the  Kaskaskia  River  in  the  northwest  corner  of  the  county,  and 
the  Embarras  River  which  runs  north/south  in  the  eastern  part  of  the  county.  The 
Kaskaskia  River  has  a  relatively  shallow  valley,  while  the  Embarras  River  is  deeply 
entrenched  as  it  was  a  major  water  course  during  parts  of  the  Wisconsin  glaciation. 
The  first  settlers  entered  Coles  County  in  1824  and  the  first  settlement  was  estab¬ 
lished  in  1826  (Anonym us,  1879).  Thus  the  vegetation  present  when  the  county  was 
surveyed  in  1821  and  1822  was  not  greatly  changed  by  European  man. 

METHODS  AND  MATERIALS 

Microfilms  of  the  General  Land  Office  survey  were  examined  as  were  the  origi¬ 
nal  survey  notes  and  plats  at  the  Illinois  State  Archives,  Springfield,  Illinois.  These 
survey  notes  may  be  used  to  obtain  historical  ecological  data  since  the  surveyors  gener¬ 
ally  marked  the  corners  of  their  survey  by  blazing  one  to  several  trees,  and  listed 
the  species,  distance  and  direction  from  the  corners,  as  well  as  the  trees  dbh. 

From  the  surveyor’s  notes  all  information  about  witness,  corner,  and  line  trees 
were  recorded,  along  with  any  mention  of  prairie  or  other  natural  features.  From 
these  data  the  total  individuals,  total  basal  area  (sq.  ft.),  average  diameter,  average 
distance  to  corner  posts,  relative  density,  relative  dominance,  and  importance  value 
(IV)  were  calculated  for  all  woody  species.  Frequency  was  computed  by  considering 
the  witness  trees  at  each  corner  post  as  comparable  to  a  quadrat  in  which  only  two 
trees  are  present  (Cottam  and  Curtis,  1949).  The  calculation  of  the  IV  follows  the 
procedure  outlined  by  McIntosh  (1957)  in  which  the  IV  is  the  sum  of  the  relative 
density  and  relative  dominance.  Also  the  surveyor’s  notes  and  plat  maps,  along  with 
soil  (Smith  et  al,  1929)  and  topographic  maps  were  then  used  to  determine  the  extent 
of  prairie  and  forests  in  the  county  (Figure  1).  This  was  possible  since  the  surveyors 
noted  the  point  along  the  section  line  where  they  entered  another  vegetation  type, 
and  also  noted  if  the  corner  posts  were  located  in  forest  or  prairie.  Since  the  interior 
of  sections  were  not  surveyed,  small  prairie  inclusions,  ponds,  and  other  natural  fea¬ 
tures  may  not  have  been  recorded. 

RESULTS  AND  DISCUSSION 

The  surveyors  recorded  1780  corners  in  the  original  survey  of  Coles  County, 
Illinois.  Of  this  total  1065  corners  are  listed  as  being  prairie,  while  715  corners  are 
listed  as  being  in  forest.  Of  the  corners  in  the  forest,  563  have  two  witness  trees  listed, 
126  have  only  one  tree  listed,  and  26  have  no  trees  listed.  These  data  indicates  that 
prairie  was  the  most  widespread  community  type,  covering  approximately  60%  of 
the  county,  while  forest,  which  was  generally  restricted  to  the  region  associated  with 
the  Embarras  and  Kaskaskia  Rivers,  accounts  for  the  remaining  40%  (Figure  1). 
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Though  prairie  vegetation  was  common  in  the  county,  very  little  information 
concerning  this  community  type  is  available  in  the  surveyor’s  notes.  No  prairie  spe¬ 
cies  are  listed,  and  only  general  comments  concerning  soil  moisture  conditions  and 
topography  are  given.  The  most  common  comments  are  “land  rich  and  rolling,  fit 
for  agriculture”,  “land  rich  and  rolling  prairie”,  “land  gently  rolling  prairie”,  or  “level 
wet  prairie”.  This  latter  comment  is  used  to  describe  the  prairie  in  the  extreme  north¬ 
west  and  northeast  parts  of  the  county  where  numerous  shallow  ponds  and  lakes  are 
reported  by  the  surveyors  (Figure  1).  The  surveyors  also  listed  an  extensive  hazel  thicket 
on  the  prairie  (Sect  17  T12N  R14W),  a  region  where  numerous  rocks  were  exposed 
(Sect  17  T14N  R9E),  a  region  where  scattered  trees  occurred  on  the  prairie  (T14N 
R10E),  and  a  region  where  scattered  hickories  occurred  on  the  prairie  (T14N  R14W). 
Also,  a  few  small  prairie  areas  were  recorded  in  the  upland  forests  along  the  Embarras 
River,  as  well  as  one  extensive  prairie  inclusion  in  the  south-central  part  of  the  county 
(T11N  R9E). 

More  information  is  available  in  the  surveyor’s  notes  concerning  the  original  for¬ 
est  vegetation  of  Coles  County,  Illinois.  Not  only  did  the  surveyors  give  the  names 
and  diameters  of  the  witness  and  line  trees,  but  they  usually  listed  the  common  forest 
trees  found,  as  well  as  the  some  of  the  woody  understory  vegetation.  The  most  com¬ 
mon  surveyor’s  comments  of  the  forested  areas  near  the  Embarras  River  are  “timber- 
land  poor,  hilly  and  broken,  unfit  for  agriculture”,  or  “timberland  mostly  hill  and 
poor”,  while  near  the  prairie-forest  border  the  most  common  comments  are  “timber- 
land  gently  rolling”,  “timberland  rich  and  level  to  gently  rolling,  thinly  covered  with 
R(lack)  oak,  understory  hazel  and  vines”,  “timberland  mostly  rich  and  rolling  to  flat”, 
or  “gently  rolling,  good  soil,  about  1/2  level  and  wet  soil”.  The  surveyors  also  listed 
hazel  as  the  common  understory  forest  species,  though  sassafras,  spice  bush,  brush, 
briers,  and  vines  are  common  entries.  An  area  of  scattered  trees,  called  a  “glade”, 
is  listed  by  the  surveyors  (T13N  R10E),  as  is  a  flat  “barren”  for  the  forested  areas 
of  Sections  23,  24,  and  26  T14N  R10E.  Roth  terms  probably  refer  to  upland  forest 
areas  where  the  trees  are  scattered  and  stunted.  No  information  is  available  in  the 
surveyor’s  notes  concerning  the  few  prairie  groves  recorded. 

The  surveyors  listed  a  total  of  21  species  of  witness  trees  in  their  survey  notes 
(Table  1).  They  also  used  the  collective  names  of  hickory,  elm,  and  ash,  which 
undoubtedly  refer  to  two  or  more  species.  Furthermore,  the  surveyors  listed  only  the 
common  names,  so  some  care  was  taken  in  assigning  scientific  names.  For  most  entries 
little  or  no  difficulty  was  encountered  since  the  same  common  names  are  presently 
used,  and  the  species  are  still  common  in  woodlots  throughout  the  county.  The  only 
names  which  presented  a  problem  are  overcup  oak,  Spanish  oak,  and  willow  oak  which 
probably  refer  to  Quercus  rnacrocarpa,  Q.  palnstris,  and  Q.  imbricaria  (Kilburn, 
1959;  Moran,  1976;  Ebinger  1986a). 

Of  the  1252  witness  trees  recorded  by  the  surveyors  white  oak  is  by  far  the  most 
important.  This  species  has  an  importance  value  (IV)  of  85.5,  an  average  diameter 
of  19.8  inches,  and  a  frequency  of  50%  (Table  1).  Rlack  oak  is  the  second  most  impor¬ 
tant  species  with  an  IV  of  36.3,  and  average  diameter  of  19.2  inches,  and  a  frequency 
of  23%  .  The  hickories  are  third  in  importance  (IV  of  26.9),  followed  by  red  oak  (IV 
of  13.0)  and  the  elms  (IV  of  10.3).  The  remaining  species  all  have  importance  values 
of  less  than  10,  indicating  their  minor  contribution  to  the  presettlement  forest 
(Table  1). 
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Most  of  the  witness  trees  listed  by  the  surveyors  were  between  8  and  31  inches 
dbh.  Of  these  species,  white  and  black  oaks  are  well  represented  in  most  diameter 
classes  (Table  2),  indicating  their  continued  and  high  importance  in  the  presettle¬ 
ment  forest.  Hickories,  red  oak,  and  elms  are  also  well  represented  in  the  lower  and 
medium  diameter  classes,  indicating  their  continued  importance  in  the  forest.  The 
remaining  species  are  poorly  represented  in  most  diameter  classes  which  also  indi¬ 
cates  their  minor  importance  in  the  presettlement  forest.  These  data,  though  it  does 
give  some  information  as  to  the  structure  of  the  presettlement  forest,  should  be  used 
with  caution.  Surveyors  commonly  did  not  select  smaller  individuals  as  witness  trees 
since  the  surface  area  to  inscribe  the  blaze  was  too  small,  nor  did  they  select  large 
veteran  trees  due  to  their  high  mortality.  Also,  the  species  selected  was  not  always 
random  (Lutz,  1930). 

Since  the  selection  of  line  trees  is  probably  more  random  than  the  selection  of 
witness  trees,  it  is  probable  that  line  tree  data  may  be  more  reliable  in  determining 
the  composition  and  structure  of  the  presettlement  forest.  In  the  present  survey,  how¬ 
ever,  the  witness  tree  and  line  tree  data  are  very  similar.  The  importance  values  in 
both  cases  is  very  similar  (Tables  1  and  3),  and  except  for  the  decrease  of  red  oak 
to  fifth  and  the  increase  of  elms  to  fourth  in  IV  the  arrangement  of  the  most  impor¬ 
tant  species  remain  the  same.  However,  the  average  diameters  for  the  most  impor¬ 
tant  line  tree  species  is  slightly  higher  than  for  most  witness  tree  species,  indicating 
that  the  average  diameters  of  most  species  is  higher  than  that  suggested  by  the  wit¬ 
ness  tree  data. 

From  the  original  survey  data  it  was  not  possible  to  distinguish  different  forest 
types.  The  distribution  and  presence  of  certain  species,  however,  indicates  that  differ¬ 
ent  forest  types  did  exist.  The  presence  of  silver  maple,  cottonwood,  black  willow, 
sycamore,  and  honey  locust  indicates  that  floodplain  and  terrace  forests  did  occur 
along  the  Embarras  and  Kaskaskia  River  systems.  Also  bur  oak,  blackjack  oak,  pin 
oak,  red  oak,  and  sometimes  black  oak  were  mostly  reported  at  section  corners  near 
the  prairie-forest  border.  In  these  areas  the  witness  trees  tended  to  average  a  greater 
distance  from  the  corner  posts  than  in  most  other  forested  areas  (Table  1),  probably 
indicating  a  trend  toward  a  more  open,  savanna  type  vegetation. 

The  composition  of  the  presettlement  forest  is,  for  the  most  part,  similar  to  that 
which  presently  exists  in  Coles  County,  Illinois.  Presently  white  and  black  oaks  are 
common  codominants  in  the  upland  forests  (Ebinger,  1968,  1973,  1985),  with  vari¬ 
ous  species  of  hickory,  elm,  and  red  oak  being  common  subordinants.  One  distinct 
difference  does  occur  in  forest  composition  since  sugar  maple  is  presently  an  impor¬ 
tant  component  of  most  upland  forests  of  the  county.  This  extremely  aggressive  spe¬ 
cies  was  probably  suppressed  during  presettlement  time  by  fire,  as  only  16  individuals 
were  recorded  by  the  surveyors  (IV  of  2.3).  With  the  decrease  in  fires,  sugar  maple 
with  its  high  gap-phase- replacement-potential,  was  able  to  take  advantage  of  canopy 
openings  when  veteran  trees  died  (Ebinger,  1986b). 
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Table  2.  Witness  tree  diameter  classes  listed  in  the  original  land  survey  records  for  Coles  County,  Illinois. 


22 


C/5 

C/5 


u 

J-H 

<D 

s 

c3 


+  88 
l£- 98 

9£-f£ 

88‘38 

ie-oe 

63'83 

LZ~9Z 

9Z~fZ 

83  “33 

I3-0S 

61-81 

ZI-9I 

9\-n 

81-31 

II-OI 

6-8 

A-9 

S-b 


ID 

r-H 

l 

1 

j 

— H 

1 

1 

1  J 

1 

l 

1 

O 

r-H 

|  oq 

r-H 

r-H 

1  1  1 

, 

l 

1 

r—H 

r-H 

■ 

r-H 

1 

1  l 

1 

1 

1 

i 

1 

i 

1  1  1 

1 

l 

1 

oq 

r— 1 H 

l  l 

1 

r-H 

1 

i 

1 

1 

1  1  1 

1 

l 

1 

oq 

1  CD 

CO 

r— H 

r-H 

CO  r_H  i-H 

r— H 

, 

, 

CO 

oq 

1  H 

05 

oq 

r— t  oq 

i-H 

I 

1 

1 

1 

1 

1  1  1 

1 

l 

1 

CO 

CD 

r-H  r-H 

r-H 

r-H 

, 

1  1  05 

, 

. 

r-H 

i — ( 

t" 

Tf< 

cd  oq 

CO 

oq 

oq 

oq 

oq  oq  | 

| 

1 

| 

t- 

oq 

r-H 

1 

Tf 

oq 

oq  oq 

oq 

oq 

, 

, 

r— H  1 

, 

r—H 

| 

r-H 

r—H 

oq 

co  t> 

rt< 

ID 

oq 

oq 

CO 

1  r-H  r-H 

r-H 

| 

| 

00 

oq 

r-H 

r—H 

-H  T* 

00 

oq 

r— H 

CO 

r-H 

r-H 

r-H 

r—H 

05 

oq 

r—H 

CD 

00  <— 1 

oq 

oq 

r-H 

r-H 

, 

r-H 

‘ 

CO 

1 

r-H 

05  CD 

CD 

r-H 

r— H 

r-H  1  oq 

oq 

| 

r-H 

oq 

oq 

1 

oq 

00 

05  oq 

ID 

00 

05 

ID 

oq 

r-H  r-H  I 

oq 

r-H 

CD 

ID 

r-H 

ID 

r-H 

1 

05 

oq 

05 

rf 

CD 

CO 

ID 

1  r-H  r-H 

, 

. 

r-H 

oq 

i-H 

r-H 

ID 

ID 

oo  oq 

oq 

CD 

ID 

, 

r-H 

1  1  1 

r-H 

r-H 

r-H 

r-H 

oq 

r-H 

r—H 

oq 

t  -  CO 

CD 

r-H 

1 

1 

1 

1  1  1 

1 

r-H 

r—H 

| 

Tt< 

i  | 

| 

| 

CO 

r-H 

| 

1 

1  1  1 

1 

1 

r—H 

oq 


ID 

oq 


CO 

00 

ID 


CD 

oq 


CD 

CO 


CD 

oq 


CD 


oq 

05 


t- 

ID 


ID 

oq 


00 

05 


L- 

00 


05 

oq 


05 


i 


23 


Table  3.  Total  individuals,  total  basal  areas,  relative  values,  importance  values, 
and  average  diameters  of  line  trees  listed  in  the  original  land  survey  records 
for  Coles  County,  Illinois. 


Species 

Total  Individuals 

Total  Basal  Area 
(Sq.  ft.) 

Relative  Density 

Relative  Dominance 

Importance  Value 

Average  Diameter 

(inches) 

White  Oak 

71 

158.538 

37.4 

37.3 

74.7 

19.0 

Black  Oak 

30 

102.410 

15.8 

24.1 

39.9 

23.8 

Hickory 

43 

63.490 

22.6 

14.9 

37.5 

15.4 

Elm 

14 

22.929 

7.4 

5.4 

12.8 

16.1 

Red  Oak 

7 

22.523 

3.7 

5.3 

9.0 

22.4 

Black  Walnut 

7 

13.721 

3.7 

3.2 

6.9 

18.6 

Honey  Locust 

4 

17.750 

2.0 

4.2 

6.2 

28.5 

Linden 

2 

7.091 

1.0 

1.8 

2.8 

25.0 

Sugar  Maple 

3 

3.970 

1.6 

.9 

2.5 

14.6 

Pin  Oak 

3 

3.174 

1.6 

.7 

2.3 

12.0 

Others  (6  spp.) 

6 

9.497 

3.2 

2.2 

5.4 

— 

Totals 

190 

425.093 

100.0 

100.0 

200.0 
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ABSTRACT 

Twenty-one  species  of  lichens  are  reported  as  new  to  Illinois:  Anisomeridium  nys- 
saegenum,  Caloplaca  arenaria ,  C.  feracissima,  Candelariella  efflorescens,  C.  xan- 
thostigma,  Cetraria  arenaria,  Cladonia  homosekikaica,  C.  multiformis,  Coniocybe 
furfuracea,  Cystocoleus  ebeneus,  Evernia  mesmorpha,  Flavopunctelia  flaventior,  F. 
soredica,  Hypocenomyce  scalaris,  Hypotrachyna  pustulifera,  Lepraria  finkii,  L. 
incana,  L.  lobificans,  Leptorhaphis  atomaria,  Saccomorpha  icmalea,  and  Verrucaria 
calkinsiana.  An  annotated  checklist  is  included.  Vouchers  are  filed  in  Illinois  her¬ 
baria.  Seven  of  the  reports  represent  southern  range  extensions  for  species  common 
farther  north. 


INTRODUCTION 

With  the  exception  of  southern  Illinois  (Skorepa,  1973),  the  lichens  of  Illinois 
have  not  been  adequately  surveyed.  Many  taxa  reported  for  the  state  are  without 
substantiating  vouchers,  and  many  existing  vouchers  from  older  reports  have  not  been 
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examined  utilizing  current  analytical  techniques,  nomenclature,  and  species  concepts. 
During  the  compilation  of  a  bibliography  and  checklist  for  Illinois  lichens  based  upon 
literature  reports  (McKnight  and  Wilhelm,  in  prep.),  we  discovered  that  the  21  spe¬ 
cies  listed  below  have  not  been  reported  from  the  state.  Reports  of  Cetraria  arenaria, 
Cladonia  multiformis,  Evernia  mesomorpha,  Flavopunctelia  flaventior,  F.  soredica, 
Hypocenomyce  scalaris ,  and  Leptorhaphis  atomaria  represent  southern  range  exten¬ 
sions  of  boreal  species. 

Vouchers  for  the  reports  are  housed,  as  indicated  below,  in  the  herbaria  of  East¬ 
ern  Illinois  University  (EIU),  the  Illinois  Natural  History  Survey  (ILLS),  the  Morton 
Arboretum  (MOR),  and  Southern  Illinois  University  (SIU).  Nomenclature  follows 
Egan  (1986,  prepublication  draft),  except  Lepraria  for  which  Brodo  (1981)  is  recog¬ 
nized.  Lichen  substances  were  determined,  using  three  solvents  and  the  standard  thin- 
layer  chromatographic  techniques  (Culberson,  1972). 

ANNOTATED  LIST  OF  NEW  ILLINOIS  LICHENS 

Anisomeridium  nyssaegenum  (El.  &  Ev.)  R.  C.  Harris  —  Jersey  Co.:  Stump  Lake, 
on  pecan  in  the  open;  4  Sep  1986;  Skorepa  5125  SIU.  This  corticolous  species  appears 
as  tiny,  often  crowded,  black  perithecia  partially  immersed  in  a  whitish  gray  thallus, 
and  is  almost  certainly  more  common  than  our  records  suggest.  It  is  distinguished 
from  A.  biforme  (Borr.)  R.  C.  Harris  by  its  narrower,  more  fusiform  spores. 

Caloplaca  arenaria  (Pers.)  Mull.  Arg.  —  Du  Page  Co.:  Morton  Arboretum,  on  dolo- 
mitic  boulder  just  W  of  Hidden  Lake  woods,  in  full  sun;  17  Nov  1986;  Wilhelm 
McKnight  14351  MOR.  Grundy  Co.:  in  Coal  City  at  E  end  of  Oak  Street  at  Bowers 
and  Sieman  area  on  E  side  of  Sante  Fe  Railroad,  on  old  concrete  foundation;  3  Aug 
1986;  Wilhelm  &  Dritz  14164  MOR.  Lake  Co.:  Illinois  Beach  State  Park,  in  dunes 
on  HC1  +  sandstone  cobble;  12  May  1986;  Wilhelm  ir  McKnight  13834  MOR.  This 
species  somewhat  resembles  C.  feracissima,  which  sometimes  is  found  as  scattered 
apothecia  without  an  evident  thallus.  The  major  difference  between  the  two  species 
is  that  C.  arenaria  has  apothecia  that  are  larger,  deep  orange,  and  with  a  paler  orange 
rim  (which  see). 

Caloplaca  feracissima  Magn.  —  Champaign  Co.:  University  of  Illinois  campus,  W  side 
of  Wright  Street,  on  HC1  +  flagstone;  28  Aug  1986;  McKnight  ir  Wilhelm  4980  MOR. 
Clark  Co.:  N  side  of  Westfield  Road  about  5  miles  W  of  Clarksville,  on  concrete  in 
ravine;  T12N  R13W  S30;  6  Mar  1975;  Whiteside  s.n.  EIU.  Cook  Co.:  Poplar  Creek 
Preserve,  S  side  of  Shoe  Factory  Road,  on  dolomitic  cobble  on  gravelly  kame;  10  Apr 
1986;  Wilhelm  13609  MOR.  Du  Page  Co.:  Morton  Arboretum,  on  flagstone;  22  Jan 
1986;  Wilhelm  13322  MOR.  Grundy  Co.:  in  Coal  City  at  E  end  of  Oak  Street  at 
Bowers  and  Sieman  area  on  E  side  of  Sante  Fe  Railroad,  on  old  concrete  foundation; 
3  Aug  1986;  Wilhelm  &  Dritz  14167  MOR.  Kane  Co.:  in  St.  Charles,  at  Pottawatomie 
Park,  on  concrete  mortar  of  retaining  wall;  22  Mar  1986;  Wilhelm  13339  MOR.  Lake 
Co.:  Illinois  Beach  State  Park,  on  old  concrete  in  dunes;  12  May  1986;  Wilhelm  6- 
McKnight  13843b  MOR.  This  species  is  distinguished  from  other  members  of  this 
complicated  genus  by  its  tiny  yolk-yellow  apothecia  with  lighter-colored  margins, 
a  thallus  which  is  scant  and  black  (or  absent  altogether),  and  a  narrow  spore  isthmus. 
Our  observations  on  its  habitat  correspond  to  those  of  Brodo  (1968).  It  is  common, 
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at  least  in  northern  Illinois,  on  concrete,  especially  sidewalks  and  flagstone,  and  on 
other  HC1  +  substrates  —  usually  in  full  sun  and  often  in  disturbed  or  artificial 
habitats;  Lecanora  dispersa  is  a  common  associate. 

Candelariella  efflorescens  R.  C.  Harris  &  Buck  —  Du  Page  Co.:  in  Darien  along  S 
side  of  Plainfield  Road  opposite  Woodcreek  Road,  on  old  cedar  railing  fence;  13  Aug 
1986;  Wilhelm  14157  MOR.  Kane  Co.:  W  of  St.  Charles,  W  of  Randall  Road,  N 
of  Dean  Street,  on  Juglans  nigra  in  flood  plain  of  Ferson’s  Creek;  17  May  1986; 
Wilhelm  13867  MOR.  Kankakee  Co.:  SE  of  Hopkins  Park  about  1  mile  N  of  county 
line,  on  Quercus  velutina  in  savanna;  21  May  1986;  Wilhelm  13879  MOR.  Lake  Co.: 
Illinois  Beach  State  Park,  on  Quercus  velutina;  12  May  1986;  Wilhelm  ir  McKnight 
13862  MOR.  This  species,  described  only  recently  (1978),  resembles  Candelaria  con- 
color  var.  effusa  except  that  it  is  wholly  sorediate,  without  any  evidence  of  a  thallus. 
Although  infrequent,  this  bright  yellow  species  is  probably  more  widespread  than 
current  records  suggest. 

Candelariella  xanthostigma  (Pers.  ex  Ach.)  Lett. —  Coles  Co.:  NW  side  of  Lake  Charles¬ 
ton,  at  top  of  hill  prairie  on  bark  at  base  of  Quercus  alba ,  T12N  R9E  S24  NW;  17 
Oct  1978;  McKnight  495  MOR.  Du  Page  Co.:  in  Darien  along  S  side  of  Plainfield 
Road  opposite  Woodcreek  Road,  on  old  cedar  railing  fence;  13  Aug  1986;  Wilhelm 
14158  MOR.  Gallatin  Co.:  Pounds  Hollow,  N  end  of  recreation  area  just  E  of  dam, 
on  Quercus  velutina;  11  Apr  1987;  Wilhelm  14709  MOR.  Kane  Co.:  Johnson’s  Mound 
Forest  Preserve,  at  base  of  Quercus  macrocarpa;  22  Mar  1986;  Wilhelm  13352  MOR. 
Kankakee  Co.:  just  N  of  Iroquois  County  Conservation  Area,  on  Quercus  alba;  21 
May  1986;  Wilhelm  13882  MOR.  Kendall  Co.:  just  S  of  Plano  at  Boy  Scout  camp 
W  of  River  Road  along  Little  Fox  River,  on  Quercus  alba;  1  Jun  1986;  Wilhelm  13952 
MOR.  Lake  Co.:  Chain  O’Lakes  State  Park,  in  picnic  area,  growing  on  Quercus  rubra; 
20  Aug  1986;  Wilhelm  14222  MOR.  McHenry  Co.:  E  edge  of  Spring  Grove,  at  the 
NW  corner  of  Wilmot  &  Main,  growing  on  Juglans  nigra;  20  Aug  1986;  Wilhelm 
14234  MOR.  Ogle  Co.:  Castle  Rock  State  Park,  1/4  mile  S  of  Wilderness  Road  and 
250  feet  E  of  Route  2,  on  Populus  deltoides ,  in  prairie  remnant  atop  ridge;  12  Aug 
1986;  McKnight  4950  MOR.  This  crustose  species  is  characterized  by  its  yellow,  KOH 
-  thallus  consisting  of  scattered  corticate  granules;  it  is  probably  more  widespread 
in  Illinois  than  our  records  indicate. 

Cetraria  arenaria  Karnef.  —  Lake  Co.:  Illinois  Beach  State  Park,  on  sand  dunes  at 
mouth  of  Dead  River,  T45N  R12W  S2  N;  9  Oct  1985;  Schwegman  s.n.  ILLS.  Illinois 
Beach  State  Park,  N  of  Dead  River,  W  of  lookout  tower;  12  May  1986;  Wilhelm 
lx  McKnight  13855  MOR.  This  large  brown  to  olive  fruticose  lichen,  with  a  tan  lower 
surface  and  abundant  dark  marginal  spinules,  is  called  the  Bullwinkle  lichen  because 
of  its  fancied  resemblance  to  moose  antlers.  Karnefelt  (1979)  suggests  that  in  preset¬ 
tlement  times  this  species  was  probably  more  common  in  prairies;  however,  it  is  dif¬ 
ficult  to  imagine  how  it  could  have  survived  under  the  dense  graminoid  vegetation 
and  regular  fires  which  characterized  the  tallgrass  prairies  of  Illinois.  At  Illinois  Beach 
State  Park  it  is  locally  frequent  on  undisturbed,  antedunal  ridges  in  association  with 
Andropogon  scoparius,  Arabis  lyrata,  Arctostaphylos  uva-ursi  var.  coactilis ,  Arenaria 
stricta,  Artemisia  caudata,  Carex  richardsonii,  C.  umbellata ,  Draba  reptans.  Helian- 
thus  occidentalis,  Juniperus  horizontalis,  Opuntia  kumifusa,  Smilacina  stellata, 


28 


Solidago  speciosa,  and  Sorghastrum  nutans.  The  notable  lack  of  a  graminoid  fuel 
matrix  suggests  that  this  habitat  sustained  only  desultory  fires  in  the  presettlement 
period,  though  the  dune  savannas  immediately  west  no  doubt  burned  regularly.  Far¬ 
ther  north,  this  species  is  not  uncommon  on  undisturbed  sand  dunes  along  the  shores 
of  Lake  Michigan,  although  it  disappears  rapidly  following  disturbance. 

Cladonia  homosekikaica  Nuno  —  Lake  Co.:  Illinois  Beach  State  Park,  on  sandy  humus 
in  the  dunes  region;  12  May  1986;  Wilhelm  Lr  McKnight  13856  MOR,  US.  This  spe¬ 
cies  is  evidently  new  to  North  America,  known  heretofore  only  from  Asia  (Culber¬ 
son,  1986)  and  Iceland  (Culberson  &  Kristinsson,  1969).  Our  specimens  resemble 
coarse  specimens  of  C.  grayi,  except  that  many  of  the  podetia  have  extensive  corti¬ 
cate  patches.  It  grows  with  mosses  and  vascular  plants  which  are  modal  to  the  low, 
stabilized  dunes  of  the  southwestern  shore  of  Lake  Michigan,  so  our  assumption  is 
that  it  is  autochthonous  there.  Repeated  chromatographic  analysis  demonstrates  the 
presence  of  fumarprotocetraric  and  homosekikaic  acids,  and  atranorin,  whereas  the 
C.  rei  with  which  it  grew  contains  homosekikaic  acid  only.  Interestingly,  however, 
neither  Culberson  et  al.  (1977)  nor  Culberson  &  Kristinsson  (1969)  mention  atrano¬ 
rin  in  association  with  fumarprotocetraric  and  homosekikaic  acids. 

Cladonia  multiformis  G.  K.  Merr.  —  Du  Page  Co.:  NE  of  West  Chicago,  Timber  Ridge 
Forest  Preserve,  on  soil;  Mar  1984;  Lampa  84  MOR.  This  species  is  best  identified 
by  the  small  holes  which  perforate  the  cup  membrane.  The  nearest  reported  popula¬ 
tion  of  this  boreal  lichen  is  in  central  Wisconsin  (Thomson,  1984). 

Coniocybe  furfuracea  (L.)  Ach.  —  Clark  Co.:  Wolf  Den  Hollow,  2  miles  S  of  Clark 
Center,  in  flood  plain  on  exposed  Quercus  root,  T10N  R13W  S12  SW;  18  Oct  1978; 
McKnight  438  MOR.  This  species  forms  a  thin,  powdery,  yellow-green  crust,  with 
tiny,  slender-stalked  apothecia  which  are  easily  overlooked. 

Cystocoleus  ebeneus  (Dillw.)  Th.  —  Clark  Co.:  Rocky  Branch  Nature  Preserve;  2  Jul 
1970;  Wiedman  s.n.  EIU;  this  collection  was  reported  erroneously  as  Racodium 
rupestre  by  Wiedman  and  Whiteside  (1975).  Rocky  Branch  Nature  Preserve,  on  shaded 
sandstone  walls,  T12N  R12W  S29  &  S30;  17  Oct  1978;  McKnight  430  MOR.  Hardin 
Co.:  Panther  Hollow,  on  dry  vertical  north-facing  sandstone  wall  above  confluence 
with  Buckhart  Hollow;  13  Apr  1987;  McKnight  5220  MOR.  It  forms  a  black  filamen¬ 
tous  layer  on  sandstone  walls  and  occasionally  on  trees  near  the  sandstone.  When 
viewed  microscopically,  the  green  algal  filaments  appear  rigid,  dark  and  opaque 
because  of  the  enveloping  fungal  hyphae.  This  species  is  rarely  mentioned  in  North 
American  literature. 

Evemia  mesomorpha  Nyl.  —  Du  Page  Co.:  West  Du  Page  Woods  Preserve,  N  of  Gary’s 
Mill  Road  at  Elsen’s  Hill,  on  bark;  Mar  1984;  Lampa  167  MOR.  Lake  Co.:  Illinois 
Beach  State  Park,  on  Juniperus  horizontal is  in  dune  area  just  N  of  lookout  tower  at 
Dead  River;  12  May  1986;  Wilhelm  &  McKnight  13854  MOR.  This  primarily  boreal 
species  is  infrequent  locally  on  the  trunks  of  Crataegus  and  Fraxinus.  Although  E. 
mesomorpha  is  very  rare  in  Illinois,  it  is  common  on  Larix  and  Picea  in  bogs  in  nor¬ 
thern  Michigan  and  Wisconsin  and  has  been  reported  from  extreme  southeastern 
Wisconsin  (Thomson,  1984).  All  previous  reports  of  Evemia  from  Illinois  (Brendel, 
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1887;  Wiedman,  1971;  Mertz,  1972)  are  based  upon  the  original  citation  of  Evernia 
jubata  by  Brendel  (1882)  from  “vicinity  of  Peoria".  The  specimen  (Brendel  s.n.)  in 
the  University  of  Illinois  Herbarium  (ILL),  upon  which  this  report  is  based,  is  actually 
Bryoria  furcellata. 

Flavopunctelia  flaventior  (Stirt.)  Hale  —  Coles  Co.:  Charleston,  EIU  golf  course,  on 
bark;  21  Sep  1977;  Whiteside  s.n.  EIU.  0.5  mile  E  of  Weiler  Farm,  in  brushy  old 
field;  25  Nov  1976;  Slaughter  s.n.  EIU.  Du  Page  Co.:  Morton  Arboretum  at  Meadow 
Lake,  on  a  planted  specimen  of  Quercus  palustris,  dbh  21  inches;  10  Dec  1984; 
Wilhelm  12423  MOR.  Iroquois  Co.:  Iroquois  County  Conservation  Area,  just  S  of 
county  line  road,  on  Quercus  velutina;  21  May  1986;  Wilhelm  ir  Johnson  13895  MOR. 
Kane  Co.:  W  of  St.  Charles,  W  of  Randall  Road,  N  of  Dean  Street,  on  Juglans  nigra 
in  flood  plain  of  Ferson’s  Creek;  17  May  1986;  Wilhelm  13869  MOR.  Lake  Co.:  Illinois 
Beach  State  Park,  in  savanna  on  Quercus;  28  Sep  1985;  Wilhelm  13093  MOR.  The 
nearest  reported  population  of  this  species  is  in  Racine  County,  Wisconsin  (Culber¬ 
son,  1955).  This  species  is  no  doubt  in  most  of  our  northeastern  counties  —  it  grows 
abundantly  on  Larix  toward  the  center  of  Volo  Bog  in  Lake  County.  Although 
sometimes  confused  with  the  more  common  Pseudoparmelia  caperata,  it  is  easily 
distinguished  by  its  pseudocyphellae  and  C  +  red  medulla. 

Flavopunctelia  soredica  (Nyl.)  Hale  —  Coles  Co.:  Fox  Ridge  State  Park,  8  miles  S  of 
Charleston,  on  bark;  14  Oct  1975;  Whiteside  s.n.  EIU.  Fox  Ridge  State  Park,  on 
bark;  30  Sep  1982;  Wilcer  s.n.  EIU.  Du  Page  Co.:  West  Du  Page  Woods  Forest  Pre¬ 
serve,  N  of  Gary’s  Mill  Road  at  Elsen’s  Hill,  on  bark;  Mar  1984;  Lampa  21a  MOR. 
Lake  Co.:  Illinois  Beach  State  Park,  in  savanna  on  Quercus;  28  Sep  1985;  Wilhelm 
13096  MOR.  These  records  represent  significant  range  extensions  for  this  species,  which 
heretofore  has  been  reported  only  from  as  far  south  in  the  Great  Lakes  region  as  Dunn 
and  Chippewa  counties  in  west  central  Wisconsin  (Culberson,  1960).  This  yellow- 
green  foliose  species,  long  known  as  Parmelia  ulophyllodes  (Vain.)  Sav.,  is  very  similar 
to  Flavopunctelia  flaventior,  even  to  the  point  of  containing  lecanoric  acid  (C  +  bright 
red),  but  is  far  less  common  and  differs  by  the  absence  of  white  pores  (pseudocyphellae) 
on  the  upper  cortex. 

Hypocenomyce  scalaris  (Ach.)  M.  Choisy  —  Lake  Co.:  W  of  Lake  Forest  about  1  mile 
N  of  Route  60  and  E  of  Milwaukee  Railroad,  on  limb  of  Quercus  macrocarpa;  3  Jul 
1986;  Wilhelm  14038  MOR.  This  species  is  characterized  by  crowded,  cucullate  squa- 
mules  and  by  the  C+  red  (lecanoric  acid)  soredia  on  the  lower  surface.  This  report 
represents  a  southern  range  extension  for  the  species. 

Hypotrachyna  pustulifera  (Hale)  Skorepa  —  Gallatin  Co.:  Pounds  Hollow,  on  dry  bluff 
top  with  Pseudoparmelia  texana;  Nov  1967;  Skorepa  3987  SIU.  Pounds  Hollow,  on 
cedar  twigs,  on  bluff  just  off  Rim  Rock  Trail;  8  Sep  1984;  Parker  2597  MOR.  This 
species,  characterized  by  its  notably  pustular  isidia,  is  morphologicaly  identical  to 
H.  formosana ,  but  differs  in  that  it  lacks  lichexanthone  and  is,  therefore,  UV-.  Previous 
Illinois  reports  of  H.  formosana  are  referable  here. 

Lepraria  finkii  (B.  de  Lesd.)  R.  C.  Harris  —  Du  Page  Co.:  W  side  of  Morton  Arbore¬ 
tum  near  Hemlock  Hill,  on  bark  at  base  of  Quercus  rubra;  25  Jan  1986;  Wilhelm 
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13326  MOR.  Gallatin  Co.:  Pounds  Hollow,  on  sandstone  rock  in  mesic  woods;  28 
Apr  1984;  Parker  2259  MOR.  Jackson  Co.:  Giant  City  State  Park,  NE  of  Makanda 
on  S  side  of  Makanda  Road  (Sec.  27),  on  shaded  vertical  sandstone;  28  Jan  1981; 
Wilhelm  8309  MOR.  (same  location  as  previous  collection)  at  base  of  tree;  28  Jan 
1981;  Wilhelm  8308  MOR.  Johnson  Co.:  Cedar  Falls,  near  Ozark,  shaded  base  of 
Liriodendron;  14  Sep  1966;  Skorepa  2412  SIU.  Kane  Co.:  in  Moosehart  along  N  side 
of  Mill  Creek  just  W  of  Route  31,  on  south-facing  vertical  limestone;  22  Mar  1986; 
Wilhelm  13362  MOR.  W  of  Geneva,  N  of  Hughes  Road  at  Johnson’s  Mound  Forest 
Preserve,  at  base  of  Quercus  macrocarpa;  22  Mar  1986;  Wilhelm  13351  MOR. 
Kankakee  Co.:  Kankakee  River  State  Park,  along  Davis  Creek  on  Quercus  macro¬ 
carpa;  21  May  1986;  Wilhelm  b-  Johnson 1  3896  MOR.  Kendall  Co.:  E  of  Yorkville, 
S  side  of  Van  Emmon  Road,  growing  on  Tilia  americana  on  east-facing  slope;  12 
Jun  1986;  Wilhelm  13966  MOR.  Lake  Co.:  along  ravine  immediately  N  of  Fort 
Sheridan,  on  base  of  Quercus  alba;  11  Apr  1986;  Wilhelm  13619  MOR.  La  Salle  Co.: 
Starved  Rock  State  Park,  on  sandstone  along  St.  Louis  Canyon  trail;  8  May  1986; 
Wilhelm  13831  MOR.  Lee  Co.:  100  yards  S  of  Rock  River  and  200  feet  W  of  Route 
2,  at  base  of  sandstone  bluff  on  bark  of  Betida  lutea,  T22N  R9E  S13  SW  SW;  15 
Jul  1986;  McKnight  4906  MOR.  Ogle  Co.:  Castle  Rock  State  Park  on  bark  at  base 
of  Quercus ,  150  feet  E  of  Route  2,  1/4  mile  S  of  Wilderness  Road;  12  Aug  1986; 
McKnight  4946  MOR.  Castle  Rock  State  Park,  E  side  of  Castle  Rock  on  shaded  sand¬ 
stone  outcrops;  15  Jul  1986;  McKnight  4912  MOR.  Castle  Rock  State  Park,  at  base 
of  sandstone  outcrop  along  Rock  River  1/4  mile  SW  from  intersection  of  Wilderness 
Road  and  Route  2;  19  Aug  1986;  McKnight  4969  MOR.  Sangamon  Co.:  just  N  of 
Springfield  at  rest  area  near  marker  102  along  1-55,  on  bark  at  base  of  Quercus  velu- 
tina;  20  Apr  1986;  Wilhelm  13743  MOR.  Union  Co.:  Devil’s  Bake  Oven,  on  bark 
of  Juniperus  virginiana;  16  May  1974;  Brooks  100  SIU.  Pine  Hills,  McGee  Hill  at 
base  of  chert  slope;  16  Apr  1971;  Stotler  2187  SIU.  Will  Co.:  S  of  Naperville  at  Knoch 
Knolls  Park,  on  bark  near  base  of  Quercus  rubra;  28  May  1986;  Wilhelm  b  Murray 
13944  MOR.  Williamson  Co.:  SE  of  Carbondale,  S  of  Devil’s  Kitchen  Lake  on  tree 
base;  14  May  1974;  Heil  s.n.  SIU.  This  lichen  is  apparently  common  throughout  the 
state  on  various  saxicolous  and  corticolous  substrates  in  mesic  sites.  Many  of  the  previ¬ 
ous  reports  of  Lepraria  from  Illinois  are  probably  referable  to  this  species.  Our  mate¬ 
rial  has  atranorin,  constictic  acid,  stictic  acid,  and  zeorin,  which  matches  the  chemistry 
of  L.  finkii  as  described  by  Brodo  (1981). 

Lepraria  incana  (L.)  Ach.  —  Kendall  Co.:  just  S  of  Plano  at  Boy  Scout  camp  W  of 
River  Road,  along  the  Little  Fox  River,  growing  on  Quercus  alba;  1  Jun  1986;  Wilhelm 
13948  MOR.  Lake  Co.:  N  edge  of  Fort  Sheridan,  in  ravine  on  Quercus  rubra;  22 
Mar  1987;  Wilhelm  14674  MOR.  Washington  Co.:  5  miles  S  of  Nashville,  E  side  of 
Route  127,  at  base  of  Quercus  alba;  8  May  1986;  Wilhelm  13741  MOR.  This  species, 
though  evidently  much  less  frequent  in  Illinois,  is  very  similar  to  L.  finkii  but  contains 
only  atranorin  and  zeorin  (Brodo,  1981). 

Lepraria  lobificans  Nyl.  —  Gallatin  Co.:  Pounds  Hollow,  on  large  sandstone  boulder 
in  upland  woods  E  of  Pounds  Lake;  28  Apr  1984;  Parker  2265  MOR.  Pounds  Hollow, 
in  low  beech  forest  on  moist  vertical  shaded  sandstone;  5  May  1984;  Wilhelm  11954 
MOR.  Pounds  Hollow,  at  base  of  Quercus  velutina  on  bluff  opposite  Rimrock  Trail; 
18  Apr  1986;  Wilhelm  b  Parker  13689  MOR.  Jackson  Co.:  Pomona  Natural  Bridge, 
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on  vertical  shaded  sandstone;  4  Jun  1966;  Skorepa  2247  SIU.  Pope  Co.:  Jackson 
Hollow,  in  mesic  woods  on  vertical  shaded  sandstone;  18  Apr  1968;  Skorepa  4199 
SIU.  This  plant  is  frequent  in  southern  Illinois,  usually  on  shaded  vertical  sandstone 
exposures  in  natural  areas.  The  rounded,  granular-squamulose  margins  of  the  thallus 
are  distinctive.  Brodo  (1968)  described  Lepraria  zonata  and  indicated  that  it  is 
characterized  by  the  presence  of  fumarprotocetraric  acid  and  atranorin.  Brodo  (1981) 
treated  L.  zonata  again  and  suggested  that  similiar  morphologies  with  either  fumar¬ 
protocetraric  or  protocetraric  acids  may  be  named  L.  lobificans  Nyl.,  and  that  the 
name  L.  zonata  should  be  restricted  to  those  plants  with  alectorialic  acid.  All  of  our 
Illinois  material  contains  protocetraric  acid  and  atranorin. 

Leptorhaphis  atomaria  (Ach.)  Szat.  —  Du  Page  Co.:  Morton  Arboretum,  on  Populus 
maximovoiczii  (assessioned  in  1963)  in  Japanese  group  at  AA-61,45,35;  4  Feb  1987; 
Wilhelm  &  Hedborn  14607  MOB.  This  inconspicuous  and  nondescript  crustose  species 
appears  as  a  white  patch  with  scattered,  tiny  black  perithecia.  It  is  distinguished  from 
L.  epidermidis  by  notably  blunt-tipped  spores.  A  circumboreal  species,  Harris  (1973) 
indicates  that  it  usually  is  found  on  Populus.  It  is  unclear  whether  the  Arboretum 
population  was  brought  in  with  nursery  stock  or  was  naturally  established. 

Saccomorpha  icmalea  (Ach.)  Coppins  &  P.  James  —  Du  Page  Co.:  Morton  Arboretum, 
at  Hidden  Lake  on  rotten  limb  at  S  end  of  “long  marsh”;  6  Mar  1987;  Wilhelm  14621 
MOR.  Will  Co.:  Lorenzo,  on  oak  wood  in  field;  24  Nov  1968;  Skorepa  &  Vermoch 
5217  SIU.  Skorepa  (1970)  reported  the  Will  County  specimen  as  Lecidea  uliginosa , 
a  C-  species.  According  to  Wetmore  (1985),  S.  icmalea  has  gyrophoric  acid  and 
reacts  C  +  red;  TLC  revealed  gyrophoric  acid  in  both  specimens  which  reacted  C  + 
pink.  Wetmore  (1986)  reports  the  species  from  as  near  as  the  Indiana  Dunes  National 
Lakeshore. 

Verrucaria  calkinsiana  Serv.  —  Lake  Co.:  Illinois  Beach  State  Park,  on  HC1  +  cobble 
between  antedunes  about  200  yards  N  of  Dead  River;  12  May  1986;  Wilhelm  & 
McKnight  13855  MOR.  Our  interpretation  of  this  collection,  with  a  thick,  dirty  gray 
thallus  and  only  partially  immersed,  black  perithecia,  is  based  upon  the  description 
by  Brodo  (1981). 
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ABSTRACT 

Elaeagnus  umbellata  Thunb.  (autumn  olive)  seedling  population  densities  and 
ages  near  established  shrub  rows  were  determined  at  three  east-central  Illinois  state 
parks.  Data  were  collected  from  1-meter  wide  transects  through  shrub  line  and  adja¬ 
cent  vegetation.  Considerable  autumn  olive  reproduction  occurred  once  the  original 
plantation  reached  3-4  years  of  age.  Oldfield  and  disturbed  sites  offered  the  opti¬ 
mum  habitat  for  reproduction  and  growth.  The  highest  densities  occurred  within 
the  original  shrub  row,  with  autumn  olive  reproducing  at  levels  as  high  as  225  plants/m 
square.  Densities  decreased  to  as  low  as  2  plants/m  square  in  oldfields.  The  age  of 
the  naturalized  plants  averaged  1.5  years  within  the  original  shrub  row  and  increased 
to  maturity  in  adjacent  areas.  Autumn  olive  seedlings  were  absent  in  the  mowed  grass 
areas  and  in  dense  woods. 


INTRODUCTION 

Since  1846  the  number  of  alien  vascular  plant  species  in  Illinois  has  been  on  the 
increase,  and  now  constitutes  approximately  29%  of  the  flora  (Henry  and  Scott  1980, 
1981).  One  of  these  alien  species,  Elaeagnus  umbellata  Thunb.  (autumn  olive)  was 
introduced  into  U.S.  cultivation  in  1830  from  its  native  range  in  China,  Japan,  and 
Korea  (Rehder  1940).  In  Japan  this  species  is  common  and  variable,  occurring  in 
thickets  and  thin  woods  in  both  lowlands  and  uplands  (Ohwi  1965).  Autumn  olive 
is  currently  being  planted  in  many  Illinois  areas  to  provide  food  and  cover  for  wild¬ 
life,  as  screens  and  barriers  along  highways,  to  stabilize  and  revegetate  road  banks, 
to  reclaim  mine  spoils,  and  less  extensively  for  nectar  production  and  as  edible  fruit 
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for  humans  (Allan  and  Steiner  1972,  Foose  1974,  Geyer  1978,  Hayes  1976,  USDA 
1979). 

Its  most  important  use  is  as  wildlife  plantings  for  food  and  cover.  Geyer  (1971) 
found  that  after  three  growing  seasons  autumn  olive  provided  abundant  food  and 
cover  on  a  variety  of  soil  types.  An  individual  plant  can  produce  80  pounds  of  fruit 
each  year  (USDA  1979).  Allan  and  Steiner  (1972)  noted  that  23  individuals  of  the 
“Cardinal  Strain”  yielded  more  than  a  total  of  900  pounds  of  fruit  per  year.  A  large 
number  of  birds  are  attracted  to  the  red  colored  fall  ripening  fruit  produced  in  large 
quantities  (Foose  1974).  Allan  and  Steiner  (1972)  listed  23  species  of  song  and  game¬ 
birds  that  feed  on  autumn  olive  fruit.  Raccoons,  skunks,  oppossums,  and  black  bears 
are  also  known  to  feed  on  the  fruit  (Allan  and  Steiner  1972).  They  also  indicated 
that  songbirds  nest  in  the  branches,  while  rabbits  and  gamebirds  use  it  for  cover. 

A  survey  in  three  central-Illinois  state  parks  indicated  that  there  has  been  con¬ 
siderable  encroachment  by  autumn  olive  into  areas  adjacent  to  original  shrub  rows. 
Such  encroachment  is  considered  to  be  a  disturbance,  because  the  species  has  replaced 
native  species  which  would  otherwise  occupy  these  sites  (Bratton  1982).  Population 
densities  and  age  structure  of  reproduction  within  and  adjacent  to  mature  shrub  rows 
were  studied  at  Lincoln  Trail,  Fox  Ridge,  and  Red  Hills  State  Parks  in  east-central 
Illinois.  The  original  autumn  olive  plantings  sampled  at  Lincoln  Trail  and  Fox  Ridge 
were  7-8  years  of  age  and  14-15  years  of  age  at  Red  Hills,  the  first  autumn  olive  plant¬ 
ing  in  Illinois  state  parks. 

MATERIALS  AND  METHODS 

A  preliminary  study  was  conducted  to  determine  the  age/height  relationships  of 
autumn  olive  reproduction.  One  hundred  various  sized  reproduction  individuals  were 
collected  and  aged  by  counting  terminal  bud  scale  scars  and/or  annual  rings.  The 
heights  of  aged  plants  were  measured  and  combined  with  age  data  to  generate  an 
age/height  scale.  The  smallest  plants,  0.0-0.15  m  were  categorized  as  1-2  year  old 
seedlings  because  both  ages  were  found  in  this  size  range.  The  older  age/height  cate¬ 
gories  were  2  years  (0.16-0.45  m),  3  years  (0.46-1.30  m),  and  4  years  (1.31-1.70  m). 
This  age/height  scale  was  used  to  rapidly  age  the  young  autumn  olives  in  the  field. 

Seedling  and  sapling  counts  were  made  to  determine  autumn  olive  encroachment 
and  reproduction  population  densities  associated  with  original  plantings.  These  counts 
were  made  in  10  one  meter  wide  transects  of  variable  lengths  in  each  of  the  three 
state  parks.  Transects  were  placed  perpendicular  through  the  original  shrub  row, 
including  a  portion  of  vegetation  on  either  side.  Transects  were  extended  beyond 
observed  autumn  olive  presence  a  few  meters.  Within  the  first  10m  of  each  shrub 
row  the  first  transect  was  randomly  located  and  all  other  transects  were  uniformly 
spaced,  from  this  transect  at  10m  intervals.  Two  of  the  Fox  Ridge  transects  passed 
through  two  closely  planted  (5m  separation)  shrub  rows.  Data  from  the  two  shrub 
rows  were  averaged  and  treated  as  one.  Data  collected  within  each  meter-square  quad¬ 
rat  along  the  transect  included  total  numbers  and  ages  of  all  autumn  olive  reproduc¬ 
tion.  Under  shrub  rows,  where  reproduction  densities  were  observed  to  be  particularly 
high,  a  sub-quadrat  of  0.062  m  square  was  randomly  placed  within  the  larger  quad¬ 
rat.  The  conspicuously  dominant  herbaceous  and  woody  species  were  also  recorded 
along  each  transect. 

Soil  cores,  10cm  square  X  5cm  deep  within  the  A  horizon,  were  randomly  col- 
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lected  in  each  area  sampled.  Two  samples  were  collected  from  different  areas  within 
the  shrub  rows,  mowed  areas,  oldfields,  and  woods.  Soil  analyses  for  cation  exchange 
capacity,  soil  pH,  and  organic  matter  were  performed  on  each  sample  by  Agronomic 
Service  Laboratory,  Washington,  Ohio. 

RESULTS 

Autumn  olive  was  found  to  have  spread  from  its  original  plantings  in  each  of 
the  three  sites.  The  highest  reproduction  densities  occurred  directly  under  the  shrub 
rows  and  densities  decreased  in  the  oldfield  areas.  Autumn  olive  was  also  found  at 
the  woods  edge  but  not  within  the  woods.  There  was  no  reproduction  in  grass  areas. 
The  age  of  all  reproduction  2m  or  more  distant  from  shrub  rows  at  Lincoln  Trail 
and  Fox  Ridge  ranged  from  1.5-3. 5  years  of  age.  The  age  at  Red  Hills  was  greater 
than  3.5  years.  The  average  age  of  reproduction  under  or  within  l-2m  of  shrub  rows 
at  all  three  state  parks  was  1.5  years. 

The  highest  density  of  reproduction  autumn  olive  at  Lincoln  Trail  State  Park 
occurred  within  the  shrub  row  with  139  plants/m  square  and  densities  decreased 
toward  the  shrub  row  outer  edges  (Figure  1).  Densities  of  12  plants/m  square  were 
found  at  the  oldfield  edge,  then  leveled  at  1-2  plants/m  square.  The  density  increased 
to  6  plants/m  square  within  the  forest  edge  then  decreased  to  zero  under  the  woods 
canopy.  Average  ages  were  1.5  years  within  the  shrub  row  and  at  the  forest  edge. 
Average  ages  within  the  oldfield  varied  from  2. 5-3. 5  years  of  age.  Dominant  plants 
in  the  oldfield  were  Solidago  canadensis,  Aster  spp.,  and  Potentilla  simplex.  Quercus 
alba  and  Liriodendron  tulipifera  were  dominant  oldfield  saplings,  with  a  few 
individuals  of  Ulmus  rubra,  Acer  saccharum,  Carya  ovata,  and  Prunus  serotina.  The 
woods  was  dominated  by  large  Quercus  alba  and  Acer  saccharum  trees. 

Autumn  olive  reproduction  densities  at  Red  Hills  State  Park  averaged  225  plants/m 
sqaure  within  the  shrub  row  (Figure  2).  No  reproduction  was  found  in  a  very  dense 
grove  of  Ulmus  rubra,  Sassafras  albidum,  and  Liriodendron  tidipifera  saplings  adja¬ 
cent  to  the  shrub  row.  Reproduction  was  also  absent  from  the  mowed  grass  area. 
Very  low  densities  of  0. 1-0.4  plants/m  sqaure  occurred  in  the  oldfield.  This  area  was 
covered  by  a  very  dense  vine  growth  of  Lonicera  japonica  with  scattered  individuals 
of  Liriodendron  tulipifera,  Quercus  alba,  Ulmus  rubra,  and  Sassafras  albidum. 
Reproduction  ages  within  the  shrub  row  were  1.5  years,  with  one  quadrat  near  the 
shrub  row  edge  having  as  average  age  of  2  years.  Oldfield  reproduction  ages  were 
almost  all  greater  than  7  years.  No  attempt  was  made  to  distinguish  ages  of  individuals 
older  than  7  years. 

The  highest  densities  of  autumn  olive  reproduction  at  Fox  Ridge  State  Park 
occurred  within  the  original  shrub  rows,  with  128  plants/m  square,  then  decreased 
below  57  plants/m  square  (Figure  3).  Oldfield  densities  ranged  from  zero  to  3  plants/m 
square.  Reproduction  was  absent  from  the  mowed  area.  The  average  age  of  reproduc¬ 
tion  within  the  shrub  row  was  1.5  years.  Oldfield  ages  were  1.5-3. 5  years.  The  dom¬ 
inant  plants  in  the  oldfield  areas  were  Solidago  canadensis,  Aster  spp.,  and  Potentilla 
simplex.  Fraxinus  americana  and  Quercus  alba  were  the  dominant  sapling  trees  in 
this  area,  with  occurrences  of  Rosa  multiflora,  Cornus  florida,  and  Viburnum  prunifo- 
lium.  The  wooded  area  was  dominated  by  Quercus  alba  with  a  few  individuals  of 
Acer  saccharum. 
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Soil  tests  for  cation  exchange  capacity,  soil  pH,  and  organic  matter  indicated 
there  were  no  significant  differences  among  the  habitats  sampled  for  these  proper¬ 
ties.  The  same  was  also  true  for  the  habitats  studied  when  each  of  the  state  parks 
was  compared  to  the  others. 

DISCUSSION 

This  study  indicates  that  autumn  olive  has  been  rather  rapidly  becoming  natural¬ 
ized  in  areas  adjacent  to  the  original  shrub  plantings.  The  results  at  Lincoln  Trail 
and  Fox  Ridge  State  Parks  indicate  that  considerable  autumn  olive  reproduction  can 
occur  once  the  original  plantation  is  3-4  years  of  age.  Allan  and  Steiner  (1972)  previ¬ 
ously  listed  fruit  production  beginning  at  3-5  years  while  Olson  (1974)  listed  the  mini¬ 
mum  seed-bearing  age  being  6  years. 

Autumn  olive  appears  to  compete  well  with  seveal  types  of  herbaceous  and  woody 
species  under  specific  successional  and/or  disturbance  conditions.  Oldfield  and  dis¬ 
turbed  sites  offered  the  optimum  habitat  for  successful  autumn  olive  reproduction, 
while  highest  densities  occurred  within  the  mature  shrub  row.  Dispersal  appears  to 
be  mainly  by  falling  fruit  and  bird  droppings.  A  group  of  50-70  cedar  waxwings  ( Bom - 
bycilla  cedrorum)  were  observed  feeding  on  the  fruit  while  the  senior  author  was 
taking  habitat  pictures  in  mid-October.  Birds  seem  to  be  the  primary  vector  for  seed 
dispersal. 

The  young  age  of  the  seedling  populations  within  the  shrub  rows  indicates  that 
there  is  near  total  seedling  mortality  in  this  habitat.  The  advanced  age  groups  in  adja¬ 
cent  areas  indicate  that  autumn  olive  seedlings  and  saplings  can  successfully  compete 
in  selected  habitats  such  as  early  secondary  successional  or  disturbed  areas. 

Light  appeared  to  be  an  important  factor  limiting  seedling  success,  but  further 
evidence  is  needed  to  confirm  this.  Autumn  olive  was  absent  in  areas  with  very  low 
light  intensity,  such  as  under  the  dense  forest  canopy.  Low  light  intensity  resulting 
from  dense  ground  cover  also  reduced  seedling  success.  This  was  observed  in  the  old- 
field  at  Red  Hills,  where  there  is  a  very  dense  ground  cover  of  Lonicera  japonica. 

Autumn  olive  seedlings  did  not  spread  into  areas  with  dense  grass  cover  that  were 
mowed  frequently.  These  areas  in  the  parks  are  managed  by  weekly  mowing  and 
grooming  during  the  summer  months.  A  previous  study  had  reported  an  autumn  olive 
density  of  0.52  stems/m  square  in  mowed  areas  (Ebinger  and  Lehnen  1981).  That 
study  site  was  considerably  more  disturbed  than  the  state  park  study  sites. 

Sharp  (1977)  stated  that  autumn  olive  can  be  easily  grown  in  a  range  of  soil  types 
because  of  its  nitrogren  fixing  abilities.  Autumn  olive  appeared  to  grow  well  in  the 
different  soil  types  at  each  state  park.  The  mean  values  for  soil  characteristics  stud¬ 
ied  in  the  three  parks  indicated  that  the  soils  were  very  similar  (Table  1).  Other  fac¬ 
tors  must  be  promoting  or  inhibiting  seedling  growth.  Possible  limiting  factors  that 
should  be  investigated  include  allelopathy,  nutrient  competition,  soil  moisture  stress 
and  light  intensity. 

In  conclusion,  autumn  olive  is  becoming  naturalized  in  east-central  Illinois  and 
possibly  throughout  the  state.  Several  characteristics  contributing  to  its  adventive 
nature  include  its  rapid  growth  rate,  high  fruit  production,  nitrogen  fixing  abilities, 
dispersal  of  seeds  by  birds  and  mammals,  and  its  ability  to  grow  in  a  range  of  dis¬ 
turbed  and  semidisturbed  habitats.  The  adventive  nature  of  this  shrub  and  its  poten¬ 
tial  to  spread  may  cause  considerable  control  problems  for  landowners,  disrupt  natural 


37 


successional  patterns,  compete  with  desirable  native  species,  and  may  require  large 
expenditures  for  maintenance  and  control.  Therefore,  the  propagation  and  planting 
of  this  shrub  should  be  strongly  discouraged  for  many  sites  that  are  receiving  it 
currently. 
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Table  1  —  Averaged  results  of  soil  testing  for  Cation  Exchange  Capacity,  pH,  and 
Organic  Matter  at  Fox  Ridge  (FR),  Lincoln  Trail  (LT),  and  Red  Hills 
(RH)  State  Parks. 


Habitat 

Sampled 

C.E.C.  (m.e 

•) 

pH 

O.M.  (%) 

FR 

LT 

RH 

FR 

LT 

RH 

FR 

LT 

RH 

Mowed  Grass 

10.5 

9.9 

11.0 

5.2 

6.4 

5.0 

3.0 

3.0 

2.6 

Shrub  Line 

12.0 

14.0 

11.5 

5.3 

5.1 

5.4 

2.5 

2.7 

2.5 

Oldfield 

11.5 

10.3 

9.8 

5.5 

5.5 

5.2 

2.8 

3.4 

2.5 

Woods 

13.0 

14.0 

10.0 

5.0 

5.4 

5.5 

2.9 

3.5 

2.5 

Sapling  Area 

— 

— 

12.0 

— 

— 

5.5 

— 

— 

2.8 

TOTAL 

AVERAGE 

11.7 

11.9 

10.9 

5.2 

5.6 

5.3 

2.8 

3.1 

2.6 

DENSITY  (PLANTS/m?) 
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DISTANCE  IN  PETERS 


Fig.  1.  Average  density  of  autumn  olive  as  a  function  of  distance  from  original  shrub  row  at  Lincoln 
Trail  State  Park. 


Fig.  2.  Average  density  of  autumn  olive  as  a  function  of  distance  from  original  shrub  row  at  Red  Hills 
State  Park. 
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DISTANCE  IN  METERS 


Fig.  3.  Average  density  of  autumn  olive  as  a  function  of  distance  from  original  shrub  row  at  Fox  Ridge 
State  Park. 
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ABSTRACT 

Sixty  macrolichens  are  reported  for  Du  Page  County,  Illinois,  of  which  one-third 
are  considered  frequent  to  common;  only  40%  of  these  were  reported  by  Calkins 
(1896)  for  the  entire  Chicago  region.  Information  is  provided  on  the  frequency  and 
habitats  for  each  species  as  well  as  keys  to  their  identification.  With  the  exception 
of  two  literature  reports,  all  species  are  represented  by  at  least  one  recently  collected 
voucher  specimen. 


INTRODUCTION 

Du  Page  County,  suburban  in  character,  is  located  in  northeastern  Illinois,  just 
west  of  Cook  County  and  the  city  of  Chicago.  According  to  Schwegman  (1973),  the 
county  is  largely  in  the  Northeastern  Morainal  Division  of  Illinois’  natural  divisions; 
the  southwestern  corner  of  the  county  is  included  within  the  Grand  Prairie  Division. 
In  the  presettlement  period,  about  75%  of  the  county  was  non- wooded  and  domi¬ 
nated  by  tail-grass  prairie  and  wetland;  the  other  25%  consisted  of  small  savannas 
and  groves  timbered  by  widely  scattered  oaks  and  hickories  (Lampa,  1985).  Very 
likely  the  preponderance  of  heavy  soil  prairies,  regular  fire,  and  few  trees  restricted 
habitation  by  terricolous  and  corticolous  lichen  species. 

Armstrong  (1977)  reported  17  macrolichens  from  the  Morton  Arboretum  near 
Lisle  in  Du  Page  County.  McKnight  et  al.  (1987)  reported  four  macrolichens  from 
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Du  Page  County,  and  Calkins  (1896)  cited  only  one  lichen  specifically  from  the  county, 
though  the  occurrence  of  several  others  was  implied.  Aside  from  these,  no  other  authors 
cite  specimens  specifically  from  locations  within  Du  Page  County.  Even  Hale’s  (1979) 
general  range  maps  exclude  40%  of  the  species  currently  known  from  the  county. 

FLORISTICS 

To  be  sure,  one’s  first  impression  of  the  county  is  that  the  lichen  flora  is  depauper¬ 
ate,  consisting  largely  of  Candelaria  concolor  and  Physcia  millegrana  growing  on  trees 
along  suburban  and  rural  roads  and  fencerows.  Recent  field  work  in  Du  Page  County 
nevertheless  has  revealed  a  macrolichen  flora  consisting  of  nearly  sixty  extant  species. 

Certain  isolated  forest  preserves  and  the  Morton  Arboretum  provide  the  habitat 
for  most  of  the  macrolichens.  Many  of  these  lichens  are  either  boreal  or  eastern  tem¬ 
perate  in  their  general  distribution.  Most  of  the  southeastern  species  which  are  com¬ 
mon  in  southern  Illinois  are  absent  in  Du  Page  County.  Wilhelm  &  Ladd  (1985) 
reported  a  coefficient  of  species  similarity  between  Jackson  and  Du  Page  Counties 
of  0.43.  Subsequent  field  work  has  indicated  that  this  figure  is  closer  to  0.53;  it  is 
unlikely  that  significant  changes  in  this  index  will  be  measured  in  the  future.  Per¬ 
haps  more  interesting,  however,  is  the  fact  that  34  species  were  listed  as  frequent 
to  common  in  Jackson  County,  whereas  in  Du  Page  County  only  21  are  considered 
frequent  to  common.  This  represents  a  coefficient  of  similarity  of  0.33  between  the 
common  lichen  component  of  each  county. 

Brodo  (1968)  cited  35  macrolichens  from  Nassau  County,  New  York,  which  county 
he  described  as  “  ...  a  classic  example  of  suburbia,”  a  description  which  aptly  befits 
Du  Page  County.  Twenty  of  these  species  are  found  in  both  counties. 

It  is  interesting  to  note  that  only  40%  of  our  present-day  macrolichen  flora  was 
reported  by  Calkins  (1896)  for  the  Chicago  region,  within  which  region  he  included 
Du  Page  County.  Some  of  this  discrepancy  is  accounted  for  by  recent  changes  in  spe¬ 
cies  concept;  nearly  25%  of  our  species  were  not  recognized  in  1896.  That  at  least 
35%  of  our  current  flora,  however,  was  unknown  to  Calkins  may  remain  inexplica¬ 
ble;  further  complicating  the  problem  are  the  questions  posed  by  the  following  obser¬ 
vations  of  Calkins,  page  7: 

Localities  in  and  around  Chicago  formerly  rich  in  lichenose  vegetation  are 
now  destitute  of  it.  The  species  were  and  are  mostly  corticolous,  with  a  few 
on  rocks,  where  exposed  and  even  on  the  boulders  of  our  prairies.  But  the 
tidal  waves  of  civilization  have  changed  the  conditions  under  which  lichens 
grow,  and  to  find  them  abundantly  we  must  seek  the  country  where  the 
air  on  which  they  feed  is  pure  and  the  substrates  suitable. 

One  scarcely  can  imagine  what  species  comprised  this  once  “rich,  lichenose  flora.” 
Can  those  original  lichens  to  which  he  referred  have  made  a  dramatic  comeback  over 
the  last  century?  Probably  not,  though  one  cannot  help  but  wonder  about  the  effects 
of  unbridled  smokestack  industry  during  Calkins’  time.  Our  air  is  measurably  cleaner 
in  some  respects  today  than  it  was  even  twenty  years  ago. 

Calkins  described  eight  species  of  macrolichens  as  common  or  abundant  in  the 
Chicago  region.  Of  these,  only  three  can  be  construed  as  common  today:  Cladonia 
chorophaea  s.l.  (C.  pyxidata  of  Calkins),  Flavoparmelia  caperata,  and  Physcia  stel- 
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laris.  The  coefficient  of  similarity  between  species  considered  common  in  1896  and 
those  considered  common  today  is  0.28.  Ramalina  americana  (R.  calicaris  var. 
fastigiata  of  Calkins),  Parmotrema  perforatum,  and  Punctelia  subrudecta  (Parmelia 
borreri  of  Calkins)  were  also  listed  as  common  species  locally;  with  the  exception 
of  the  latter,  we  have  yet  to  see  them,  even  in  the  greater  Chicago  region.  Calkins 
listed  “Cladonia  fimbriata  var.  tubaeformis”  as  “  .  .  .  found  throughout  our  terri¬ 
tory”  and  described  it  thusly: 

Podetia  slender,  elongated,  tawny-brown,  often  with  squamules;  cups 
smaller  [than  C.  fimbriata],  toothed  or  entire;  proliferous,  fimbriate;  apothe- 
cia  confluent. 

It  is  unclear  to  us  what  he  might  have  meant  by  this  species,  but  the  morphology 
certainly  is  not  common  locally  today.  Though  they  are  impossible  to  quantify  or 
even  qualify,  it  appears  as  though  real  and  significant  changes  have  occurred  in  our 
lichen  flora  over  the  last  90  years. 

The  Tail-Grass  Prairie  biome  of  the  Midwest,  once  replete  with  regular  prairie 
fires  and  largely  treeless  except  for  scattered  stands  of  open-grown  oaks  and  hick¬ 
ories,  has  now  a  nearly  continuous  inhabitancy  by  many  different  kinds  of  trees,  both 
native  and  introduced.  This  corticolous  span  now  bridges  the  northern  forests  with 
those  to  the  south  and  east.  It  is  possible  that  such  a  change  in  the  distribution  of 
corticolous  substrates  has  allowed  at  least  less  modal  lichen  species  an  opportunity 
to  extend  their  ranges.  It  is  doubtful,  for  example,  whether  Flavopunctelia  soredica 
(Culberson,  1960)  was  native  this  far  south,  or  that  Pyxine  caesiopruinosa  (Culber¬ 
son  &  Hale,  1965)  grew  this  far  north  prior  to  settlement.  Our  records  indicate  that 
this  same  sort  of  post-Calkins  enrichment  may  have  occurred  among  the  crustose 
lichens  as  well. 


LICHEN  HABITATS 

Du  Page  County,  331  square  miles  of  morainic  ridges  and  shallow  river  valleys, 
was  settled  in  the  early  1830’s.  It  had  a  population  of  nearly  700,000  people  by  the 
1980  census,  and  it  continues  to  grow  at  a  rapid  rate.  As  of  this  writing,  the  county 
is  approximately  75%  suburban  in  character,  and  everywhere  criss-crossed  by  rail¬ 
roads,  paved  roads,  and  expressways.  Only  about  10%  of  the  county  has  any  “natu¬ 
ral”  character  (Lampa,  1985).  Since  the  autochthonous  lichen  flora  of  presettlement 
Du  Page  County  is  poorly  recorded,  it  is  difficult  at  this  point  to  know  which  species 
have  been  extirpated  or  had  their  populations  seriously  compromised,  which  species 
have  entered  the  county  in  recent  years,  and  which  ones  are  (or  were)  part  of  some 
natural  community.  It  is  a  certainty,  however,  that  the  county  today  contains  far 
more  corticolous  habitat  than  in  the  presettlement  (1832)  period;  also,  there  is  more 
exposed  rock  and  rock-like  substrate  as  well  as  more  exposed,  weathered  clays  and 
leached  tills.  While  the  major  habitats  for  lichens  in  the  county  today  include  cor¬ 
ticolous,  saxicolous,  and  terricolous  substrates,  fully  90%  of  the  macrolichens  con¬ 
sidered  frequent  to  common  are  those  from  corticolous  substrates. 

Corticolous  lichens  inhabit  trees  in  open  woods  and  picnic  areas,  swamps  and 
floodplains,  and  rural  roadsides  and  yards.  They  also  can  be  found  on  fence  posts 
and  old  wood  at  farm  dump  sites.  Several  species  of  trees  appear  to  form  excellent 
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substrates  locally  for  the  corticolous  lichens.  These  include  species  of  Crataegus,  Frax- 
inus,  Salix,  and  Ulmus,  as  well  as  Acer  negundo,  Populus  deltoides,  and  medium- 
aged  trees  of  Juglans  nigra;  the  Cladoniae  are  usually  aggregated  around  the  bases 
of  these  trees.  Macrolichens  which  are  frequent  to  common  on  these  substrates  locally 
are:  Candelaria  concolor,  Cladonia  coniocraea,  C.  ramulosa,  Flavoparmelia  caper- 
ata,  Parmelia  sulcata,  Phaeophyscia  pusilloides,  P.  rubropulchra,  Physcia  adscendens, 
P.  millegrana ,  P.  stellaris,  Physciella  chloantha,  Physconia  detersa,  Punctelia  bol- 
liana,  Xanthoria  Candelaria,  and  X.  fallax.  Curiously,  fallen  logs  in  Du  Page  County, 
even  in  remote  wooded  areas,  are  not  as  likely  to  harbor  lichens  as  they  are  in  other 
biomes  in  the  eastern  United  States,  though  when  they  do  they  are  usually  inhabited 
by  Cladonia  bacillaris,  C.  coniocraea,  C.  cristatella,  C.  ramulosa,  and  C.  rei. 

Saxicolous  lichens  most  often  are  found  growing  on  rocks  dumped  along  fen- 
cerows,  on  old  concrete,  flagstone  walls  and  other  edifices,  and  on  old  farm  building 
foundations;  all  of  these  substrates  are  HC1+  .  Bedrock  is  exposed  only  along  the  Des 
Plaines  River  in  the  southeastern  corner  of  the  county  and  along  the  West  Branch 
of  the  Du  Page  River  in  Naperville.  These  are  dolomitic  formations  of  Silurian  age. 
There  are  a  few  igneous  erratics  which  are  inhabited  by  lichens.  On  the  whole,  how¬ 
ever,  natural  saxicolous  habitat  is  rare  in  the  county.  The  common  saxicolous  species 
locally  are  even  more  frequent  on  corticolous  substrates;  these  species  include:  Can¬ 
delaria  concolor,  Physcia  adscendens,  Physciella  chloantha,  and  Xanthoria  Candelaria. 

Most  of  the  terricolous  lichens  are  found  on  old  road  and  railroad  cuts  and  worn- 
out  abandoned  fields  where  clayey  or  silty  tills  are  exposed  to  weathering  and  leach¬ 
ing,  and  competition  from  vascular  plants  remains  low.  Very  often  such  areas  are 
characterized  by  vascular  plants  of  low  phytomass  productivity,  such  as  Danthonia 
spicata  and  Antennaria  spp.  The  frequent  to  common  macrolichens  here  include 
Cladonia  chlorophaea ,  C.  cristatella,  C.  peziziformis,  C.  polycarpoides,  and  C.  rei. 


CATALOGUE  OF  THE  MACROLICHENS  OF  DU  PAGE  COUNTY 

The  following  is  an  annotated  catalogue  of  macrolichens  known  from 
Du  Page  County.  Arrangement  is  alphabetical  by  genus.  Nomenclature  follows  Egan 
(1986);  names  employed  by  Hale  (1979)  and  Calkins  (1896)  are  included  as  syno¬ 
nyms  where  appropriate.  Unless  otherwise  specified,  a  single  representative  speci¬ 
men  is  chosen  to  voucher  each  reported  species.  All  cited  specimens  are  filed  at  the 
Morton  Arboretum  (MOR),  Lisle,  Illinois.  Lichen  substances  were  determined  using 
thin-layer  chromatography  and  the  three  solvents  as  described  by  Culberson  (1972). 

KEY  TO  THE  GENERA 

Thallus  gelatinous  when  wet,  blackish  to  slate  gray;  medulla  absent. 

Thallus  without  isidia . HEPPIA 

Thallus  sparsely  to  densely  isidiate. 

Thallus  subcrustose,  adnate,  without  distinct  lobes;  prothallus  blue-green  and  evident 

at  the  margins . PLACYNTHIUM 

Thallus  not  at  all  crustose,  the  lobes  mostly  evident  and  well-developed;  prothallus 

absent . LEPTOGIUM 

Thallus  not  gelatinous,  variously  colored;  medulla  evident. 

Thallus  fruticose,  or  of  adnate  to  suberect  squamules. 

Thallus  in  part  or  entirely  of  adnate  to  erect  or  suberect  squamules. 
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Squamules  brown,  adnate;  perithecia  present . DERMATOCARPON 

Squamules  greenish  or  gray,  erect  or  suberect;  perithecia  absent.  .CLADONIA 
Thallus  without  squamules. 

Podetia  hollow. 

Podetia  with  a  fibrous,  dull  surface . CLADINA 

Podetia  with  a  corticate,  smooth,  lustrous  surface . CLADONIA 

Podetia  with  a  central  medullar  core,  not  hollow. 

Fibrils  evident;  branches  smoothly  terete . USNEA 

Fibrils  absent;  branches  irregularly  wrinkled . EVERNIA 

Thallus  adnate  to  loosely  appressed,  but  distinctly  foliose  or  umbilicate. 

Thallus  orange,  yellow,  yellowish-green,  or  yellowish-gray;  medulla  C-. 

Cortex  K+  deep  purple . XANTHORIA 

Cortex  K-  or  K+  yellow. 

Thallus  esorediate,  saxicolous . LECANORA 

Thallus  sorediate,  corticolous. 

Thallus  bright  lemon  yellow  or  yellowish-green;  lobes  small,  less  than  1  mm  wide; 

medulla  P- . CANDELARIA 

Thallus  yellow-green;  lobes  much  more  than  1  mm  wide;  medulla  P+  red. 

. FLAVOPARMELIA 

Thallus  without  yellowish  tints,  or  if  yellowish-green,  then  the  medulla  C+  red. 
Thallus  brown  or  brownish-gray;  cortex  K-. 

Lower  cortex  densely  white-  or  tan-tomentose  beneath;  rhizines  coarse,  few,  and 

branched . PELTIGERA 

Lower  cortex  smooth  beneath  or  with  rhizines,  but  not  concealed  by  a  dense  tomentum. 

Lobe  surfaces  abundantly  pruinose;  soralia  marginal . PHYSCONIA 

Lobe  surfaces  smooth,  or  if  pruinose,  then  esorediate. 

Medulla  either  C+  red  or  P+  red;  lobes  more  than  1.5  mm  wide. 

. PARMELIA 

Medulla  C-  and  P-;  lobes  less  than  1.5  mm  wide. 

Lobes  flowing  together;  rhizines  absent . HYPERPHYSCIA 

Lobes  discrete;  rhizines  present . PHAEOPHYSCIA 

Thallus  mineral  gray,  whitish-gray,  or  yellowish-green;  cortex  K+  yellow  or  K-. 
Upper  cortex  either  with  small  white  pores  or  the  medulla  C+  red,  or  both. 

Thallus  yellowish-green,  sorediate . FLAVOPUNCTELIA 

Thallus  gray  or  grayish-green,  sorediate  or  not . PUNCTELIA 

Upper  cortex  both  without  white  pores  and  with  C-  medullary  reactions. 

Lower  cortex  white  or  light  tan. 

Upper  cortex  K- . PHYSCIELLA 

Upper  cortex  K+  yellow . PHYSCIA 

Lower  cortex  brown  or  black. 

Medulla  distinctly  tinted  orange  or  salmon . PYXINE 

Medulla  white  or  pale  yellow. 

Medulla  K-. 

Lobes  thick  and  appearing  inflated;  soralia  at  the  lobe  tips.  HYPOGYMNIA 

Lobes  thin,  flat;  soralia  laminal . PARMELINA 

Medulla  K  +  yellow  or  red. 

Lobes  broad,  usually  4  mm  or  more  wide,  typically  with  a  rhizine-free  zone 

near  the  margins . PARMOTREMA 

Lobes  narrower;  rhizines  typically  distributed  throughout  below. 

Upper  cortex  with  distinct  white  markings,  particularly  toward  the  tips. 

. PARMELIA 

Upper  cortex  without  white  markings . PARMELINA 
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Candelaria  Mass. 

CANDELARIA  CONCOLOR  (Dicks.)  B.  Stein  —  Ubiquitous,  this  is  probably  the 
most  abundant  lichen  in  the  county.  It  is  found  on  a  wide  variety  of  corticolous  sub¬ 
strates  and  frequently  on  rock;  and  it  is  characteristic  on  planted  shade  trees  along 
streets  and  boulevards  and  in  back  yards,  as  well  as  on  naturally  open-grown  trees. 
=  Teloschistes  concolor  (Dicks.)  Tuck.  Lampa  2. 


Cladina  (Nyl.)  Harm. 

CLADINA  SURTENUIS  (des  Abb.)  Hale  &  W.  Culb.  —  Rare,  on  exposed  clayey 
tills  in  dry  upland  fields.  Probably  =  Cladonia  rangiferina  var.  sylvatica  of  Calkins, 
not  L.  Lampa  79. 


Cladonia  Hill  ex  Rrowne 

Podetia  forming  cups. 

Podetia  esorediate. 

Central  portions  of  the  cups  proliferating,  producing  secondary  and  tertiary  cups. 

. C.  cervicornis  ssp.  verticillata 

Cups  not  proliferating,  or  proliferating  from  their  margins  only,  the  membranes 

characteristically  perforate . C.  multiformis 

Podetia  nearly  or  quite  covered  by  fine  to  coarse  soredia. 

Podetia  very  elongate,  terminated  by  small  cups,  finely  sorediate. 

Cups  usually  poorly  developed  and  on  only  a  few  podetia;  grayanic  acid  present. 

. C.  cylindrica 

Most  or  all  of  the  podetia  with  well-developed  cups;  grayanic  acid  absent. 

. C.  fimbriata 

Podetia  stout,  the  cups  often  deep  and  flaring;  finely  to  coarsely  sorediate. 
Apothecia  and/or  pycnidia  red;  thallus  yellowish-green;  usnic  acid  present. 

. C.  pleurota 

Apothecia  and/or  pycnidia  brown;  thallus  grayish  or  whitish-green;  usnic  acid  absent. 

Grayanic  acid  present . C.  grayi 

Grayanic  acid  absent. 

Cryptochlorophaeic  acid  present . C.  cryptochlorophaea 


Cryptochlorophaeic  acid  absent . C.  chlorophaea 

Podetia  not  forming  cups,  or  podetia  absent. 

Podetia  esorediate  or  podetia  chronically  absent. 

Podetia  much  branched  and  elongated;  basal  squamules  few  or  absent;  apothecia 

absent . . C.  fur  cat  a 

Podetia  simple  or  only  sparingly  branched;  basal  squamules  well  developed;  apothecia 
usually  conspicuous,  or  podetia  chronically  absent. 

Squamules  K+  yellow  turning  red . C.  polycarpoides 

Squamules  K-  or  K  +  yellowish. 

Apothecia  red  (rarely  black). 

Podetia  wholly  corticate . C.  cristatella 


Podetia  with  ecorticate  patches  which  turn  brown  and  translucent. 


. C.  didyma 

Apothecia  tan  or  brown  to  nigrescent. 

Thallus  yellowish-green;  usnic  acid  present . C.  piedmontensis 

Thallus  grayish-green  or  gray;  usnic  acid  absent . C.  peziziformis 
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Podetia  sorediate,  at  least  in  part. 

Apothecia  and/or  pycnidia  red;  barbatic  acid  present;  podetia  P-. 

Squamules  incised,  esorediate;  podetia  scarcely  sorediate,  beset  with  granular  or 
isidioid  squamules  except  in  ecorticate  areas  which  turn  brown  and  translucent. 

. C.  didyma 

Squamules  occasionally  lobed  but  not  incised,  sorediate;  podetia  with  patches  of 

fine  soredia . C.  bacillaris 

Apothecia  and  pycnidia  brown;  barbatic  acid  absent;  podetia  P-  or  P+  red. 

Podetia  P-;  homosekikaic  acid  present . C.  rei 

Podetia  P  +  red;  homosekikaic  acid  absent. 

Grayanic  acid  present . C.  cylindrica 

Grayanic  acid  absent. 

Squamules  less  than  2  mm  long,  usually  incised;  podetia  sorediate  nearly  or 

quite  throughout . C.  ramulosa 

Many  squamules  more  than  2  mm  long,  lobed,  but  not  much  incised;  basal 
portions  of  podetia  with  large  corticate  patches . C.  coniocraea 

CLADONIA  BACILLARIS  (Ach.)  Nyl.  —  Very  common,  in  open  woods  at  the  bases 
of  Quercus  rubra  or  occasionally  other  trees;  also  on  decorticate  logs  in  partly  shaded 
woods  and  an  old  wood  in  farm  dump  sites  where  it  often  grows  in  full  sun  with 
other  Cladoniae.  Lampa  101. 

CLADONIA  CERVICORNIS  (Ach.)  Flot.  ssp.  VERTICILLATA  (Hoffm.)  Ahti  — 
Uncommon,  on  exposed  till  in  old  fields;  we  have  one  specimen  from  exposed  dry 
farm  wood.  =  C.  verticillata  (Hoffm.)  Schaer.;  probably  =  C.  gracilis  var.  ver- 
ticillata  Fr.  of  Calkins.  Lampa  177. 

CLADONIA  CHLOROPHAEA  (Flk.  ex  Somm.)  Spreng.  —  Frequent,  in  open  areas 
on  old  farm  wood,  among  mosses  at  the  bases  of  trees  (particularly  Crataegus),  and 
on  exposed  clayey  tills.  This  is  the  most  common  element  of  the  C.  chlorophaea  com¬ 
plex  in  Du  Page  County.  Probably  =  Cladonia  pyxidata  (in  part)  of  Calkins,  not 
(L.)  Hoffm.  ?C.  pyxidata  var.  pocillum  of  Calkins,  not  Ach.  Lampa  130. 

CLADONIA  CONIOCRAEA  (Flk.)  Spreng.  —  Frequent,  on  decorticate  logs  in  shady 
woods  and  swamps;  it  also  grows  at  the  base  of  Quercus  rubra  in  mesic  woods.  This 
name  may  be  misapplied  to  our  element;  it  is  possible  that  our  material  is  best  referred 
to  as  C.  ochrochlora  Flk.,  but  the  results  of  Ahti’s  studies  are  pending.  Wilhelm  12474. 

CLADONIA  CRISTATELLA  Tuck.  —  Frequent,  on  dry  decorticate  wood,  especially 
fence  posts  and  stumps  in  open  areas;  it  also  grows  on  exposed  clayey,  silty,  or 
arenaceous  tills.  Lampa  105. 

CLADONIA  CRYPTOCHLOROPHAEA  Asah.  —  Occasional,  this  segregate  of  C. 
chlorophaea  is  found  locally  on  exposed  tills  and  among  mosses  at  the  bases  of 
Crataegus  trees  in  open  areas.  Of  our  four  specimens,  three  contained  fumar- 
protocetraric  acid,  and  none  of  them  contained  atranorin,  though  we  have  others 
from  nearby  counties  which  do.  Lampa  143. 

CLADONIA  CYLINDRICA  (A.  Evans)  A.  Evans  —  Rare  and  restricted  to  shaded 
decorticate  logs  in  low  woods.  Wilhelm  12475. 

CLADONIA  DIDYMA  (Fee)  Vain.  —  Rare,  known  from  a  single  collection  made 
on  an  exposed,  dry  decorticate  log  on  the  West  Branch  Reservoir  Forest  Preserve  near 
West  Chicago.  Lampa  87. 
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CLADONIA  FIMBRIATA  (L.)  Fr.  —  Uncommon;  all  of  our  specimens  are  from 
wooden  shingles  and  decorticate  logs  in  partly  shaded  areas.  Perhaps  including  C. 
fimbriata  var.  tabaeformis  Fr.  of  Calkins.  Armstrong  991. 

CLADONIA  FURCATA  (Huds.)  Schrad.  —  Rare,  this  species  is  restricted  locally 
to  exposed  tills  in  partly  shaded  areas.  Lampa  161. 

CLADONIA  GRAYI  G.  K.  Merr.  ex  Sandst.  —  Occasional;  this  segregate  of  C. 
chlorophaea  occurs  on  exposed  decorticate  logs  and  on  exposed  silty  or  silty-clay  tills. 
Of  our  four  specimens  one  contains  atranorin  and  none  of  them  contain  fumar- 
protocetraric  acid.  Lampa  220. 

CLADONIA  MULTIFORMIS  G.  K.  Merr.  —  Rare,  known  solely  on  the  basis  of 
a  single  collection  made  on  an  exposed  silty  clay  till  at  Timber  Ridge  Forest  Preserve 
near  West  Chicago.  Lampa  84;  this  specimen  is  cited  by  McKnight  et  al.  (1987)  as 
new  to  Illinois. 

CLADONIA  PEZIZIFORMIS  (With.)  Laund.  —  Frequent,  on  clayey  tills,  and  rarely 
on  tree  bases  and  decorticate  logs  in  open  woods  and  fields.  =  C.  capitata  (Michx.) 
Spreng.  Lampa  121. 

CLADONIA  PIEDMONTENSIS  G.  K.  Merr.  —  Rare,  known  locally  from  a  single 
collection  made  on  exposed  clayey  till  in  an  old  field  at  Winfield  Mounds  Forest  Pre¬ 
serve  near  West  Chicago.  A  similar  species,  C.  robbinsii  A.  Evans,  is  known  from 
nearby  counties;  it  differs  from  C.  piedmontensis  in  the  larger  [over  (2)  3  mm  long] 
squamules  and  the  presence  of  barbatic  acid.  Lampa  183. 

CLADONIA  PLEUROTA  (Flk.)  Schaer.  —  Rare,  this  species  grows  locally  on  exposed 
silty  clay  tills  and  decorticate  logs.  Lampa  125. 

CLADONIA  POLYCARPOIDES  Nyl.  —  Common,  on  exposed  tills  in  old  fields  and 
along  road  cuts.  Lampa  128. 

CLADONIA  RAMULOSA  (With.)  Laund.  —  Very  common,  in  shaded  or  somewhat 
open  woods;  locally  it  usually  grows  at  the  base  of  Quercus  rubra,  but  also  on  decor¬ 
ticate  fallen  logs.  Some  recent  authors  have  called  this  plant  C.  anomaea  (Ach.)  Ahti 
&  P.  James,  but  according  to  Laundon  (1984)  the  better  name  for  this  species,  long 
known  as  C.  pityrea  (Flk.)  Fr.,  is  C.  ramulosa.  Wilhelm  &  Lampa  12404. 

CLADONIA  REI  Schaer.  —  Common,  in  exposed  or  semi-shaded  areas  where  it 
grows  on  wooden  shingles,  burned  and  decorticate  logs,  and  on  exposed  silty  or  clayey 
tills.  Lampa  111. 


Dermatocarpon  Eschw. 

DERMATOCARPON  MINIATUM  (L.)  Mann  —  Occasional,  on  various  kinds  of 
boulders  and  on  bedrock  in  moist  shaded  areas.  =  Endocarpon  miniatum  (L.)  Schaer.; 
including  E.  miniatum  var.  complicatum  Schaer.  and  E.  miniatum  var.  muhlenbergii 
Ach.  Lampa  5. 
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Evemia  Ach. 

EVERNIA  MESOMORPHA  Nyl.  —  Infrequent,  a  boreal  species  found  locally  on 
the  lower  trunks  of  Crataegus  and  Fraxinus  in  open  park-like  areas.  Though  it  is 
represented  by  only  one  specimen,  we  have  seen  several  thalli;  locally,  thalli  of  this 
species  are  small  and  easily  overlooked.  Lampa  167;  the  specimen  cited  here  was  listed 
as  new  to  Illinois  by  McKnight  et  al.  (1987). 

Flavoparmelia  Hale 

FLAVOPARMELIA  CAPERATA  (L.)  Hale  —  Frequent,  on  a  wide  variety  of  open- 
grown  trees,  both  in  landscaped  areas  as  well  as  in  natural  open  wooded  areas.  = 
Pseudoparmelia  caperata  (L.)  Hale.  Lampa  43. 

Flavopunctelia  (Krog)  Hale 


Upper  cortex  beset  with  white  pores  (pseudocyphellae) . F.  flaventior 

Upper  cortex  without  white  pores . F.  soredica 


FLAVOPUNCTELIA  FLAVENTIOR  (Stirt.)  Hale  —  Infrequent  generally,  though 
locally  frequent  at  the  Morton  Arboretum  and  at  Elsen's  Hill  in  the  West  Du  Page 
Woods  Forest  Preserve  near  West  Chicago.  It  is  known  from  the  bark  of  several 
deciduous  trees,  but  it  is  perhaps  most  frequent  on  species  of  the  red  oak  group.  = 
P arm elia  flaventior  Stirt.  Wilhelm  12423.  The  specimen  cited  here  was  listed  as  new 
to  Illinois  by  McKnight  et  al.  (1987). 

FLAVOPUNCTELIA  SOREDICA  (Nyl.)  Hale  —  Uncommon,  this  boreal  species 
is  locally  frequent  at  Elsen’s  Hill  in  the  West  Du  Page  Woods  Forest  Preserve  near 
West  Chicago,  particularly  on  open-grown  Crataegus,  though  it  grows  also  on  Ulmus, 
Fraxinus,  Rhus  typhina,  and  Salix  nigra  there  and  elsewhere.  =  Parmelia  ulophyllodes 
(Vain.)  Sav.  Lampa  21a.  The  specimen  cited  here  was  listed  as  new  to  Illinois  by 
McKnight  et  al.  (1987). 


Heppia  Naeg. 

HEPPIA  LUTOSA  (Ach.)  Nyl.  —  Rare,  known  only  from  shaded  vertical  walls  at 
the  waterfall  on  the  Waterfall  Glen  Forest  Preserve;  it  grows  on  argillaceous  silty 
dolomite  of  the  Niagaran  series.  Wilhelm  &  Lampa  12401. 

Hyperphyscia  Poelt  &  Vezda 

HYPERPHYSCIA  ADGLUTINATA  (Flk.)  Poelt  &  Vezda  —  Occasional,  although 
it  is  easily  overlooked.  It  is  most  frequent  on  open-grown  elms.  =  Physciopsis 
adglutinata  (Flk.)  M.  Choisy.  Wilhelm  &  Lampa  12391. 

Hypogymnia  (Nyl.)  W.  Wats. 

HYPOGYMNIA  PHYSODES  (L.)  W.  Wats.  —  Rare,  this  boreal  species  is  now  known 
locally  only  from  a  young  open-grown  tree  at  West  Du  Page  Woods  Forest  Preserve. 
Calkins  (1896)  reported  it  specifically  from  Du  Page  County  and  listed  its  habitat 
as  oaks.  =  Parmelia  physodes  (L.)  Ach.  Lampa  53. 
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Lecanora  Ach. 

LECANORA  MURALIS  (Schreb.)  Rabenh.  —  Rare,  known  locally  only  from  a  few 
HC1  +  boulders  in  open  fields  at  disparate  locations  across  the  county,  though  in  adja¬ 
cent  counties  it  has  been  collected  from  limestone  walls.  Lampa  6. 


Leptogium  Gray 

Thallus  olivaceous  to  blackish-brown . L.  dactylinum 

Thallus  slate  gray . L.  cyanescens 

LEPTOGIUM  CYANESCENS  (Rabenh.)  Koerb.  —  Rare,  this  species  is  known 
locally  only  from  partly  shaded,  carbonate  rock.  Wilhelm  &  Lampa  12392. 

LEPTOGIUM  DACTYLINUM  Tuck.  —  Rare,  this  species  is  known  locally  only 
from  a  single  collection  made  from  a  shaded  vertical  dolomitic  cliff  face  at  the  Water¬ 
fall  Glen  Forest  Preserve.  Wilhelm  &  Lampa  12398. 


Parmelia  Ach. 

Thallus  dark  chestnut-brown,  with  diffuse  powdery  soredia  mixed  with  small  isidia. 

. P.  subaurifera 

Thallus  gray  or  grayish-green,  either  isidiate  or  sorediate,  but  not  both. 

Thallus  isidiate . P.  squarrosa 

Thallus  sorediate . P.  sidcata 

PARMELIA  SQUARROSA  Hale  —  Rare,  a  boreal  species  known  locally  from  only 
a  few  open-grown  Crataegus  trees  at  West  Du  Page  Woods  Forest  Preserve.  All 
Chicago  region  specimens  have  rhizines  that  are  notably  squarrose-branched,  and 
none  of  our  material  contains  lobaric  acid.  For  a  review  of  the  P.  saxatilis  (L.)  Ach. 
complex,  see  Thomson  (1984)  and  Hale  (1979).  Lampa  16b. 

PARMELIA  SUBAURIFERA  Nyl.  —  Occasional;  this  boreal  species  occurs  in  partly 
shaded  woods  and  in  park-like  areas,  where  it  is  found  on  the  branches  and  lower 
trunks  of  a  variety  of  deciduous  trees.  Esslinger  (1978)  has  proposed  the  name 
Melanelia  subaurifera  for  this  species,  but  it  is  likely  that  if  the  brown  Parmeliae  are 
to  be  segregated,  the  genus  Pleurosticta  Petrak  will  be  the  proper  placement.  Lampa 
18. 

PARMELIA  SULCATA  Tayl.  —  Common,  on  a  wide  variety  of  open-grown  trees, 
even  in  suburban  areas.  This  is  our  most  common  large-lobed  foliose  species.  =  P. 
saxatilis  Fr.  var.  sulcata  Tayl.  of  Calkins.  Wilhelm  &  Hedborn  12406. 

Parmelina  Hale 

PARMELINA  AURULENTA  (Tuck.)  Hale  —  Rare,  known  locally  only  from  two 
collections,  one  made  from  wooden  shingles  on  a  partly  shaded  roof,  the  other  from 
Ulmus  rubra  in  a  shaded  swamp.  Wilhelm  &  Hedborn  12409. 


Parmotrema  Mass. 

PARMOTREMA  RETICULATUM  (Tayl.)  M.  Choisy  —  Rare,  this  species  is  known 
locally  only  from  a  landscape  specimen  of  Quercus  palustris  on  the  grounds  of  the 
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Morton  Arboretum.  It  is  likely  that  Calkins'  report  of  Parmelia  perlata  is  referable 
here;  he  described  the  plant  as  “found  throughout  our  territory  on  oaks  and  other 
trees,  and  on  boulders  near  Lemont.”  Such  is  no  longer  the  case.  Wilhelm  &  Lampa 
12390. 


Peltigera  Willd. 

PELTIGERA  CANINA  (L.)  Willd.  —  Rare,  this  species  is  known  only  from  exposed 
silty  clay  till  in  an  old  field  near  Woodridge,  where  it  was  growing  in  full  sun  with 
Antennaria  neglecta.  Including  Peltigera  rufescens  (Neck.)  Hoffm.  Lampa  85. 


Phaeophyscia  Moberg 


Thallus  esorediate. 

Apothecia  common;  margins  of  lobes  entire . P.  ciliata 

Apothecia  rare;  margins  of  lobes  dissected  into  lobulate  fringes . P.  imbricata 

Thallus  sorediate. 

Medulla  red  or  deep  orange  nearly  or  quite  throughout . P.  rubropulchra 

Medulla  white. 

Margins  of  apothecia  and  lobes  beset  with  colorless  cortical  hairs.  P.  cernohorskyi 
Thallus  without  colorless  cortical  hairs,  though  white-tipped  rhizines  may  project 
profusely  along  the  lobe  margins. 

Soredia  granular,  somewhat  diffused  in  poorly  delimited  soralia.  .  .P.  adiastola 
Soredia  fine,  confined  to  rounded  soralia. 

Soralia  strongly  capitate,  almost  stipitate,  primarily  terminal  on  main  or  secondary 

lobes;  corticolous  or  saxicolous . P.  pusilloides 

Soralia  orbicular,  but  not  capitate;  saxicolous . P.  orbicidaris 


PHAEOPHYSCIA  ADIASTOLA  (Essl.)  Essl.  —  Uncommon,  this  species  grows  in 
moist  shaded  areas,  often  among  mosses  on  both  carbonate  and  granitic  rock. 
Lampa  23. 


PHAEOPHYSCIA  CERNOHORSKYI  (Nadv.)  Essl.  —  Uncommon,  this  species  is 
locally  frequent  in  park-like  areas  and  landscape  settings,  where  it  grows  on  a  vari¬ 
ety  of  corticolous  substrates;  it  is  also  known  from  a  granitic  erratic  at  Springbrook 
Forest  Preserve.  Wilhelm  &  Hedborn  12418. 


PHAEOPHYSCIA  CILIATA  (Hoffm.)  Moberg  —  Occasional,  on  the  trunks  and 
upper  branches  of  a  variety  of  trees  growing  in  open,  park-like  areas;  it  is  also  known 
locally  from  carbonate  boulders  and  dolomitic  bedrock.  =  Physcia  obscura  (Ehrh.) 
Nyl.  Wilhelm  &  Hedborn  12417. 

PHAEOPHYSCIA  IMBRICATA  (Vain.)  Essl.  —  Rare,  known  locally  only  from  a 
single  collection  made  on  the  trunk  of  Ulmus  arnericana  at  Herrick  Lake  Forest  Pre¬ 
serve.  Lampa  223. 

PHAEOPHYSCIA  ORBICULARIS  (Neck.)  Moberg  —  Infrequent,  this  species  is 
known  from  both  carbonate  and  granitic  boulders  and  bedrock  in  partly  shaded  areas. 
Wilhelm  &  Lampa  12399. 

PHAEOPHYSCIA  PUSILLOIDES  (Zahlbr.)  Essl.  —  Very  common,  but  easily 
overlooked;  it  grows  on  a  wide  variety  of  open-grown  trees,  mostly  those  of  land- 
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scaped  areas  and  roadsides;  we  have  one  specimen  from  old  farm  wood.  Wilhelm 
&  Hedborn  12410. 

PHAEOPHYSCIA  RUBROPULCHRA  (Degel.)  Moberg  —  Very  common,  in  shaded 
woods  and  swamps  where  it  grows  on  a  variety  of  corticolous  substrates;  occasionally 
it  is  found  on  rock  or  among  mosses  over  rock  in  shaded  areas.  Armstrong  984. 


Physcia  (Schreb.)  DC. 

Thallus  esorediate;  apothecia  common . P.  stellaris 

Thallus  sorediate;  apothecia  common  or  not. 

Thallus  lobes  narrow  and  finely  branched;  soredia  granular . P.  millegrana 

Thallus  lobes  broader,  not  finely  divided;  soredia  fine  and  powdery. 

Tips  of  lobes  hooded,  the  soralia  nearly  or  quite  concealed;  long  white  marginal  cilia 

conspicuous . P.  adscendens 

Tips  of  lobes  not  hooded,  the  soralia  laminal;  cilia  absent . P.  americana 


PHYSCIA  ADSCENDENS  (Th.  Fr.)  H.  Oliv.  —  Common,  throughout  the  county 
on  a  wide  variety  of  open- grown  trees;  it  is  also  found  occasionally  on  boulders  in 
old  fields.  Lampa  &  Wilhelm  170c. 

PHYSCIA  AMERICANA  G.  K.  Merr.  —  Rare,  typically  corticolous,  this  species  is 
known  locally  only  from  a  partly  shaded  bluff  at  the  Waterfall  Glen  Forest  Preserve, 
where  it  was  found  on  dolomitic  bedrock.  Wilhelm  &  Lampa  12395. 

PHYSCIA  MILLEGRANA  Degel.  —  Abundant;  with  the  possible  exception  of 
Candelaria  concolor,  this  is  the  most  common  lichen  in  the  county.  It  grows  on  a 
variety  of  substrates,  though  it  is  rare  in  shaded  woods  and  in  native  settings.  Arm¬ 
strong  397. 

PHYSCIA  STELLARIS  (L.)  Nyl.  —  Very  common,  characteristically  on  the  bran¬ 
ches  and  trunks  of  a  wide  variety  of  open-grown  trees;  it  is  also  known  locally  from 
boulders  in  old  fields.  A  very  similar  species,  P.  aipolia  (Ehrh.)  Hampe,  is  frequent 
in  nearby  counties,  but  all  our  attempts  to  turn  it  up  in  Du  Page  have  ended  in  frustra¬ 
tion.  It  is  distinguished  by  the  presence  of  atranorin  (K  +  yellow)  in  the  medulla; 
it  is  also  notably  larger  than  P.  stellaris.  Lampa  &  Wilhelm  170a. 

Physciella  Essl. 

PHYSCIELLA  CHLOANTHA  (Ach.)  Essl.  —  Common,  on  a  wide  variety  of  open- 
grown  trees,  where  it  grows  regularly  with  Phaeophyscia  pimlloides  and  Physcia 
millegrana;  it  is  also  known  from  partly  shaded  dolomitic  and  granitic  erratics.  = 
Physcia  Chloantha  Ach.  Wilhelm  12426. 


Physconia  Poelt 

PHYSCONIA  DETERSA  (Nyl.)  Poelt  —  Common,  on  a  wide  variety  of  corticolous 
substrates,  both  in  open  and  shaded  areas.  Wilhelm  &  Hedborn  12413. 
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Placynthium  (Ach.)  Gray 

PLACYNTHIUM  NIGRUM  (Huds.)  Gray  —  Rare,  this  species  is  known  locally  only 
from  a  shaded  dolomitic  exposure  at  the  Waterfall  Glen  Forest  Preserve.  Wilhelm 
&  Lampa  12394. 


Punctelia  Krog 

Thallus  lacking  isidia  or  soredia;  medulla  C- . P.  bolliana 

Thallus  with  either  isidia  or  soredia;  medulla  C+  red. 

Thallus  isidiate . P.  rudecta 

Thallus  sorediate . P.  subrudecta 


PUNCTELIA  BOLLIANA  (Muell.  Arg.)  Krog  —  Frequent,  on  the  trunks  and  larger 
branches  of  older  open-grown  trees,  usually  oaks.  =  Parmelia  bolliana  Muell.  Arg. 
Wilhelm  &  Hedborn  12408. 

PUNCTELIA  RUDECTA  (Ach.)  Krog  —  Occasional  to  common,  on  mostly  older 
open-grown  trees,  both  in  landscaped  areas  and  in  natural  wooded  settings.  = 
Parmelia  rudecta  Ach.;  P.  borreri  Turn.  var.  rudecta  (Ach.)  Tuck.  Wilhelm  & 
Hedborn  12407. 

PUNCTELIA  SUBRUDECTA  (Nyl.)  Krog  —  This  species,  though  we  have  specimens 
from  elsewhere  in  the  Chicago  region,  is  listed  from  Du  Page  County  solely  on  the 
basis  of  Calkins  (1896),  who  reported  it  as  “Very  common  everywhere  in  our  ter¬ 
ritory.”  =  Parmelia  subrudecta  Nyl.;  P.  borreri  of  Calkins,  not  (Sm.)  Turner. 

Pyxine  Fr. 

Soredia  laminal  in  round  soralia;  lobes  typically  with  a  conspicuous  patch  of  dense  pruina  just 
in  front  of  the  tips;  medulla  yellow;  cortex  K-  and  UV+  bright  yellow.  P.  caesiopruinosa 
Soredia  in  laminal  and  marginal  soralia;  lobes  usually  with  a  diffuse  patch  of  pruina  near 
the  tips;  medulla  salmon-orange;  cortex  K+  yellow  and  UV- . P.  sorediata 

PYXINE  CAESIOPRUINOSA  (Nyl.)  Imsh.  —  Rare,  this  species  is  known  locally  only 
from  the  Morton  Arboretum,  where  it  has  been  seen  to  grow  on  Ulmus  americana 
and  Crataegus  sp.  Wilhelm  &  Lampa  12402. 

PYXINE  SOREDIATA  (Ach.)  Mont.  —  Rare,  known  only  on  the  basis  of  a  single 
collection  made  on  Crataegus  at  the  Morton  Arboretum.  Wilhelm  &  McKnight  14609. 


Usnea  Dill,  ex  Adans. 

USNEA  STRIGOSA  (Ach.)  A.  Eat.  —  This  species  is  included  solely  on  the  basis 
of  the  report  by  Armstrong  (1977),  which  stated  that  it  grew  on  a  50-year-old  specimen 
of  Fraxinus  pubinervis;  the  photograph  reported  to  be  this  species  cannot  with  cer¬ 
tainty  be  distinguished  from  Evernia  mesomorpha.  Recently  she  has  informed  us  that 
the  thallus  no  longer  can  be  located. 
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Xanthoria  (Fr.)  Th.  Fr. 

Thallus  esorediate . X.  polycarpa 

Thallus  sorediate. 

Many  lobes  exceeding  0.5  mm  wide,  the  soredia  in  large  labriform  soralia.  X.  fallax 
Lobes  narrow,  up  to  0.5  mm  wide,  the  soredia  scattered  to  terminal,  but  not  in  regularly 
labriform  soralia . X.  candelaria 

XANTHORIA  CANDELARIA  (L.)  Th.  Fr.  —  Frequent,  on  a  wide  variety  of  trees 
growing  in  park-like  areas  and  along  roadsides;  it  is  rare  on  dolomitic  rock  along 
the  bluff  at  the  Waterfall  Glen  Forest  Preserve.  Wilhelm  &  Lampa  12393. 

XANTHORIA  FALLAX  (Hepp)  Arn.  —  Frequent,  perhaps  even  moreso  than  the 
preceding  species;  it  inhabits  slightly  more  shaded  situations,  though  it  is  found  on 
a  wide  variety  of  corticolous  substrates.  Lampa  45. 

XANTHORIA  POLYCARPA  (Hoffm.)  Rieber  —  Rare,  this  species  is  known  from 
only  three  locations  in  the  county,  where  it  was  found  on  open-grown  trees  in  park¬ 
like  stands.  Lampa  49. 
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ABSTRACT 

A  back-titration  method  with  standardized  hydrochloric  acid  has  been  used  to 
determine  the  equivalent  weight  of  carboxylic  acids  generated  from  Illinois  #6  bitu¬ 
minous  coal  and  a  North  Dakota  lignite.  The  carboxylic  acids  were  produced  by  car- 
boxylating  the  coals  in  aprotic  solvents  (toluene  and  triethylamine)  with  alkali  metals 
(sodium  and  potassium)  and  carbon  dioxide.  The  infrared  stretching  intensity  of  the 
carboxyl  groups  correlated  well  with  their  equivalent  weights.  Equivalent  weights 
of  known  mono  and  polycarboxylic  acids,  including  tannic  acid,  produced  results 
within  0.27%  to  2.6%  accuracy. 

INTRODUCTION 

Carboxylation  reactions  with  Illinois  bituminous  coal  and  lignite  coals  have  been 
accomplished  with  potassium  in  aprotic  solvents  of  toluene  and  triethylamine  (Duty, 
1981).  These  reactions  were  successful  in  solubilizing  the  coals  to  a  maximum  of  68% 
with  more  than  half  of  the  soluble  products  isolated  as  black  acids.  Recently,  reac¬ 
tions  with  potassium  and  a  Westerholt  Mine  coal  in  glyme  and  triglyme  solvents  were 
reported  which  reduced  the  coal  into  smaller  fractions  with  an  increase  in  hydrogen 
content  (Hornback,  1977).  This  study  prompted  Collins  et  al.  (1980)  to  examine  if 
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aromatic-aliphatic  model  compounds  could  be  cleaved  at  the  aliphatic  linkages  with 
the  potassium-coal  reactions  in  glyme-triglyme  solvent  had  suggested. 

Sternberg  and  co-workers  (1968,  1971  and  1974)  previously  had  successfully 
alkylated  coal  and  their  high  solubility  was  attributed  to  the  cleavage  of  ether  link¬ 
ages  to  form  phenolate  anions  which  subsequently  could  be  O-alkylated.  In  addi¬ 
tion,  C-alkylation  was  proposed  for  the  aromatic  anions  produced.  Collins’  study 
(1980)  unequivocally  proved  that  aliphatic  carbon-carbon  bonds  were  cleaved  at  low 
temperature  when  toluene  was  isolated  as  a  reaction  product  from  both  1, 
2-diphenylethane  and  diphenylmethane.  Collins'  proposed  mechanism  suggests  the 
formation  of  aromatic  anions,  aromatic  radical  anions  as  well  as  aliphatic  and  aro¬ 
matic  free  radicals. 


phCH2Ph  +  1e  — 

- _> 

<JD-ch 

t2Ph 

<g>-CH2_Ph 

- > 

Ph*  + 

PhCH2~ 

<£>-CH2Ph 

- > 

PhCH2* 

+  Ph” 

Previously,  other  authors  (Conant,  1927;  Willig,  1931;  Gilman,  1936)  had  claimed 
that  1,  2-diphenylethane  could  not  be  cleaved  with  alkali  metals,  but  Quest  et  al. 
(1977)  had  found  that  a  cesium-sodium-potassium  alloy  could  cleave  bibenzyl. 
Collins’  reactions  with  alloys  of  alkali  metals  does  support  Quest’s  experimental  obser¬ 
vations  with  the  cesium-potassium  alloy,  and  aliphatic  carbon-carbon  bond  linkages 
indeed  are  broken.  As  Collins  suggests,  this  may  be  an  efficient  low-temperature 
method  for  degrading  coal  by  cleavage  of  aliphatic  and  aromatic-aliphatic  bonds. 

A  study  (Duty,  1981)  has  shown  that  the  carboxyl  group  content  of  coal  can  be 
increased  several  fold  by  reacting  coal  with  sodium  metal  and  carbon  dioxide. 
Undoubtedly,  the  reaction  occurs  via  the  carboxylation  of  the  a-position  of  sodium 
phenolate  sites  (Lindsey,  1957)  and  the  carboxylation  of  aromatic  radical  anions  that 
are  generated  (Wawzonek,  1959)  from  the  sodium. 

Results  in  this  laboratory  (Duty  and  Chiri;  Duty  and  Lavin)  indicate  that  potas¬ 
sium  is  a  more  efficient  alkali  metal  than  sodium  for  carboxylation  reactions,  and 
Stock’s  meticulous  studies  (Stock,  1978;  Stock,  1979)  with  potassium  in  tetrahydrofuran 
are  ample  evidence  to  suggest  this  also.  Stock’s  reactions  with  potassium,  naphtha¬ 
lene  and  coal  at  ambient  temperature  generated  20  ±  1  anions  per  100  carbon  atoms. 
Consequently,  in  addition  to  these  20  carbanion  sites,  the  alkali  metal  alloys  should 
break  the  macromolecular  coal  structure  further  through  cleavage  of  the  aliphatic 
and  aliphatic-aromatic  linkages  to  generage  additional  carbanion  sites  (Collins,  1980). 

Coal  samples  are  known  to  contain  the  following  functional  groups:  1)  carboxyl 
groups,  albeit  low  percentages  in  brown  coal  (Tucks,  1929),  lignite  (Tucks,  1929), 
and  bituminous  coal  (Ruberto,  1978);  2)  ether  linkage  (Tucks,  1929;  Ruberto,  1978); 
3)  hydroxyl  groups  (Heathcoat,  1932);  4)  mercaptans  (Lissner,  1935);  and  5)  thio  ethers 
(Lissner,  1935).  Consequently,  when  a  coal  sample  is  treated  with  an  active  alkali 
metal-alloy,  the  following  basic  sites  would  occur: 
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The  phenolate  ion  acts  as  a  precursor  to  carboxylation  reactions  through  a  delocal¬ 
ized  resonance  hybrid. 


RESULTS  AND  DISCUSSION 

Reductive  carboxylation  reactions  of  Illinois  bituminous  coal  were  run  in  toluene 
and  triethylamine  with  potassium,  carbon  dioxide  and  biphenyl  at  100°,  200°  and 
300°C.  North  Dakota  lignite  was  reacted  under  the  same  conditions  with  toluene 
as  a  solvent. 

Material  Balance 

The  material  balance  comparison  between  bituminous  and  lignite  coal  is  shown 
in  Table  1  with  toluene  as  the  solvent  in  each  case. 

One  case  is  evident  from  examination  of  Table  1  in  that  a  weight  increase  is 
proportional  to  an  increase  in  temperature,  e.g.,  the  higher  the  temperature  the  higher 
the  weight  increase.  Wachowska  (1979)  had  reported  a  similar  weight  increase  in 
his  alkylation  study  where  the  weight  increase  of  alkylated  coal  was  higher  than  the 
corresponding  alkyl  group  content.  Evidence  was  presented  to  suggest  the  anions  of 
the  aromatic  clusters  in  coal  were  reacting  with  the  solvent  and  the  electron  transfer 
agent  that  were  incorporated  into  the  products.  We  ran  a  blank  run  with  toluene, 
biphenyl,  potassium  and  a  catalytic  amount  of  bituminous  (0.2g)  at  200°C  in  the 
exact  manner  as  previously  run  with  10  g  of  bituminous  coal  and  experienced  a  47  % 
increase  in  weight.  A  result  that  confirms  Wachowska’s  observations. 


Table  1.  Material  Balance  for  Reductive  Carboxylation  Reactions  with  Bituminous  & 
Lignite  Coals  (Solvent-Toluene) 


Reaction 

Temperature 

Coal 

Type 

Weight  of 
Reactants  (g)a 

Weight  of 

Isolated  Products  (g)b 

Weight 

Increase 

(decrease) 

100°C 

bituminous 

20 

18.6 

(8%) 

lignite 

20 

19.2  ±  0.2C 

(3.9  ±  1.1%) 

200 °C 

bituminous 

20 

20.3  ±  0.3C 

6.0  ±  2.0% 

lignite 

20 

19.6  ±  0.1c 

(2.1  ±  0.2%) 

300 °C 

bituminous 

20 

30.6  ±  2.1c 

52  ±  11% 

lignite 

20 

25.4  ±  5.0C 

51% 

aWeight  includes  10  g  coal  plus  10  g  biphenyl. 

'’Weight  includes  the  insoluble  residue,  the  biphenyl,  the  black  acids,  the  neutral  compounds  and  the 
amphoteric  compounds. 
c'Two  determinations. 
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Percent  Solubility  and  Black  Acid  Yields 

The  percent  solubility  and  black  acid  yields  are  presented  in  Table  2. 

The  maximum  solubility  occurred  at  200 °C  with  a  lower  solubility  occurring 
at  300°C.  The  ratio  of  the  weight  of  the  insoluble  residue  to  that  of  the  original  coal 
sample  was  used  as  a  measure  of  the  solubility.  An  indirect  way  of  looking  at  solubil¬ 
ity  would  be  to  compare  the  weight  ratios  of  the  black  acids  to  that  of  the  insoluble 
residues.  One  could  assume  that  if  all  the  high  molecular  weight  insoluble  residue 
had  broken  down  during  carboxylation,  that  it  would  have  been  totally  converted 
into  the  low  molecular  weight  black  acids.  Consequently,  as  the  insoluble  residues 
weight  approaches  zero,  the  black  acid’s  weight  should  approach  unity,  i.e. 

lim  (weight  fraction  of  black  acids)  =  1.0 
residue - >  0 


Table  2.  Percent  Solubility  and  Black  Acid  Yields 


Reaction 

Temperature 

(°C) 

Coal 

Type 

Initial 
Weight  of 
Coal  (g) 

Weight 
Insoluble 
Residue  (g) 

Weight 
Black 
Acids  (g) 

% 

Solubility 

(Solvent 

—  Toluene) 

100° 

bituminous 

10.0 

8.9 

1.70 

11.1 

lignite 

10.0 

5.7  +  0.2a 

4.4  ±  0.8a 

43.4  ±  9 

200° 

bituminous 

10.0 

6.9  ±  0.6a 

4.9  ±  0.05a 

31.0  ±  .0 

lignite 

10.0 

3.6  ±  0.3a 

4.5  ±  0.50a 

63.5  ±  3.3 

300° 

bituminous 

10.0 

15.0  ±  1.3a 

1.8  ±  1.5a 

(neg.) 

lignite 

10.0 

7.3  ±  0.9a 

3.8  ±  0.7a 

27.1  ±  8.1 

(Solvent 

—  Triethylamine) 

100° 

bituminous 

10.0 

6.6  ±  0.1a 

2.2  ±  1.0a 

24.3  ±  9.0 

200° 

bituminous 

10.0 

3.2  ±  1.4a 

6.6  ±  0.2a 

68.5  ±  14.5 

aAverage  &  average  deviation  for  two  determinations 


Table  2  exhibits  this  weight  fraction  increase  very  well  because  the  200 °C  reac¬ 
tion  in  every  case  has  a  maximum  of  carboxylic  acids  generated  regardless  of  the  sol¬ 
vent  or  the  coal  used. 

Equivalent  Weight  Determinations 

Equivalent  weight  determinations  were  measured  by  back  titrating  an  excess  of 
standardized  sodium  hydroxide  as  described  further  in  the  experimental.  The  equiv¬ 
alent  weights  of  these  black  acids  are  shown  in  Table  3. 

The  highest  equivalent  weights  occurred  for  those  reactions  at  300°C.  This, 
undoubtedly,  results  from  the  fact  that  the  higher  temperature  promotes  decarboxy¬ 
lation  reactions  to  occur. 
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Equivalent  weights  are  no  indication  of  the  molecular  size  unless  one  knows  the 
number  of  carboxyl  groups  per  molecule.  If  one  assumes  these  black  acids  are  the 
same  molecular  size  as  those  generated  from  Mayo’s  hypochlorite  studies  (1979)  (mol. 
wt.  557  via  vapor  pressure  osomometer),  the  number  of  carboxyl  groups  per  mole¬ 
cule  would  be  approximately  two.  This  piece  of  evidence  is  very  tenuous,  especially 
so  since  these  acids  were  generated  under  two  extremely  different  chemical  environ¬ 
ments.  It  becomes  even  more  tenuous  when  one  compares  the  carbon  content  for 
reductive  carboxylation  reactions  (72%)  with  those  acids  from  the  hypochlorite  study 
(58%). 


Table  3.  Equivalent  Weight  of  Black  Acids 


Reaction 

Temperature 

(°C) 

Coal 

Solvent 

Equivalent3 

Weight 

»— * 
o 
o 

o 

bituminous 

toluene 

258  ±  8 

100° 

lignite 

toluene 

305  ±  10 

100° 

lignite 

toluene 

258  ±  3 

200° 

bituminous 

toluene 

307  ±  19 

to 

o 

o 

o 

lignite 

toluene 

324  ±  8 

to 

o 

o 

o 

lignite 

toluene 

342  ±  32c 

300° 

bituminous 

toluene 

335  ±  3 

300° 

lignite 

toluene 

458  ±  3 

300° 

lignite 

toluene 

500  ±  10 

i—* 

o 

o 

o 

bituminous 

triethylamine 

541  ±  118b 

100° 

bituminous 

triethylamine 

395  ±  155c 

200° 

bituminous 

triethylamine 

468  ±  129b 

200° 

bituminous 

triethylamine 

490  ±  172c 

aT\vo  determinations. 
'Tour  determinations. 
cSix  determinations. 


One  more  direct  comparison  we  can  make  is  to  measure  the  strength  of  the  car¬ 
bonyl  stretching  frequency  and  compare  this  to  the  equivalent  weight  measurements. 
If  the  equivalent  weight  size  is  directly  proportional  to  the  number  of  carboxyl  groups, 
one  should  be  able  to  show  a  correlation  between  equivalent  weight  and  strength 
of  carboxyl  peak.  This  correlation  is  shown  in  Table  4  for  the  bituminous  and  lignite 
coals  run  in  toluene. 

As  the  equivalent  weight  increases,  the  carbonyl  stretching  vibration  decreases 
and  this  suggests  there  are  fewer  carboxyl  groups  present  at  the  higher  equivalent 
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weights.  The  strength  of  the  carbonyl  peak  was  determined  by  measuring  the  height 
of  the  carbonyl  peak  and  subtracting  the  background  vibration  at  2100  cm  "  1  from 
the  carbonyl  peak  height. 


Table  4.  Carbonyl  Group  Strengths  versus  Equivalent  Weights 


Reaction 

Carboxyl  Peak  Strength 

Eq.  Wt.  of 

Temperature 

Coal 

@1710  cm  ~  1 

(cm/mg)a 

Black  Acids 

(°C) 

1— 1 
O 

o 

o 

bituminous 

0.87 

258  ±  8 

200° 

bituminous 

0.55 

307  ±  19 

GO 

O 

o 

o 

bituminous 

0.40 

335  ±  3 

100° 

lignite 

11.6  ±  1.7b 

282  ±  7 

200° 

lignite 

10.4  ±  0.1b 

333  ±  20 

300° 

lignite 

5.3  ±  0.9b 

479  ±  7 

aHeight  of  carbonyl  peak  measured  from  background  at  2100  cm  ^ 

bTwo  determinations. 

The  elemental 

analyses  for  the  bituminous  and  lignite  coals  are 

shown  in  Table  5. 

Table  5.  Elemental  Analyses  of  Black  Acids 

Reaction 

Temperature 

(°C) 

% 

C 

% 

H 

% 

N 

% 

S 

% 

Ash 

% 

Oa 

A.  Bituminous  Coal  —  Solvent:  Toluene 

100 

70.71 

5.26 

0.87 

1.83 

2.26 

19.07 

100 

70.66 

5.00 

0.88 

1.64 

1.26 

20.56 

200 

72.93 

4.54 

1.66 

0.92 

0.97 

18.98 

200 

72.28 

4.77 

1.18 

1.73 

0.67 

19.37 

300 

66.99 

3.66 

1.71 

5.89 

1.66 

19.96 

300 

69.58 

3.92 

1.91 

1.00 

1.86 

21.73 

B.  Lignite  Coal 

—  Solvent: 

Toluene 

100 

65.86 

4.09 

1.25 

0.53 

0.31 

27.96 

100 

70.92 

4.22 

0.71 

0.26 

0.46 

23.43 

200 

69.77 

4.37 

1.81 

0.40 

0.34 

23.32 

200 

69.09 

4.31 

1.31 

0.65 

0.25 

24.39 

300 

64.04 

4.36 

1.76 

0.43 

0.39 

29.02 

300 

65.17 

4.61 

2.85 

0.26 

4.19 

22.92 

aObtained  by  difference  ( %  0  =  100  %  -  %  C  -  %  H  -  %  N  -  %  S  -  %  ash) 
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The  oxygen  trend  in  this  table  does  not  correlate  well  with  the  equivalent  weight, 
e.g.,  the  smaller  the  equivalent  weight,  the  higher  the  oxygen  content  should  be. 
Unfortunately,  Table  5  does  not  exhibit  this  trend;  however,  it  might  be  due  to  the 
way  the  oxygen  content  was  determined  which  was  by  difference,  i.e.,  the  oxygen 
was  determined  by  subtracting  the  percentage  sum  of  carbon,  hydrogen,  sulfur,  nitro¬ 
gen  and  ash  from  100%  .  Therefore,  all  errors  generated  from  any  of  these  elements 
and  other  elements  not  reported  will  show  up  as  an  error  in  oxygen.  One  point  Table 
5  does  make  is  that  all  black  acids  have  a  higher  oxygen  content  than  what  was  found 
in  the  raw  bituminous  or  raw  lignite  coals. 

EXPERIMENTAL  PROCEDURE 

Materials,  Reactions  and  Autoclave 

Illinois  bituminous  coal  and  North  Dakota  lignite  were  reacted  as  raw  coals 
(250-325  Tyler  mesh)  that  had  been  dried  at  100° C.  Reactions  of  coals  were  run  in 
an  Autoclave  Engineers  magnedrive  packless,  1-liter  stainless-steel  autoclave  equipped 
with  a  three-blade  paddle  wheel  stainless  steel  stirrer  that  extended  to  the  bottom 
of  the  autoclave.  The  autoclave  was  stirred  at  900-1100  rpm.  The  temperature  of 
these  reactions  was  varied  from  100°  to  a  high  temperature  of  300°C. 

The  autoclave  was  charged  with  10  g  of  coal,  10  g  of  alkali  metal,  and  an  aprotic 
solvent.  The  reactions  were  purged  with  dry  nitrogen  and  run  under  nitrogen  for 
five  days,  and  the  autoclave  was  pressurized  with  carbon  dioxide  for  two  days.  After 
the  reaction  was  complete,  the  excess  alkali  metal  was  decomposed  by  quenching 
the  reaction  with  isopropyl  alcohol. 

The  solvent  was  removed  by  rotary  evaporation  under  vacuum,  and  the  neutral 
compounds  were  extracted  with  an  ether-benzene  reflux  (3/1  v/v)  (Duty,  Hayatsu, 
et  al.,  1980).  The  ether-benzene  layer  was  separated  from  the  insoluble  residue  by 
centrifuging  at  10,000  rpm  with  a  Sorvall  Model  GLC-1  centrifuge  and  extracting 
with  5%  potassium  hydroxide  to  remove  any  solubilized  acids. 

The  insoluble  residue  was  refluxed  with  the  5%  potassium  hydroxide  solution 
to  extract  the  black  acids.  The  potassium  hydroxide  solution  was  centrifuged,  and 
the  black  acids  were  precipitated  by  acidifying  the  basic  solutions  with  hydrochloric 
acid. 

The  insoluble  residue  from  the  potassium  hydroxide  extraction  was  demineral¬ 
ized  (Duty  and  Liu,  1980),  and  a  total  acidity  and  carboxyl  group  analyses  were  deter¬ 
mined  (Duty  and  Chiri;  Duty  and  Lavin). 

Infrared  Analysis 

Potassium  bromide  wafers  were  made  in  a  pellet  die  (Beckman  Model  K-13)  under 
18,000-20,000  psi  for  periods  of  20  min.  The  spectral  grade  potassium  bromide 
(Fischer)  was  dried  in  a  drying  pistol  overnight  under  vacuum  at  100°C.  Approxi¬ 
mately  6  mg.  of  the  residue,  known  to  the  nearest  mg.,  was  weighted  and  mixed 
with  1.00  g  of  potassium  bromide,  known  to  3  significant  figures.  This  was  shaken 
on  an  automatic  shaker  for  90  sec.  From  0.150  to  0.200  g  of  the  mixture  was  placed 
into  the  press,  made  into  a  wafer  and  run  on  a  Perkin-Elmer  621  Grating  IR. 
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Equivalent  Weights  of  Black  Acids 

Demineralized  moisture-free  (dmmf)  black  acids  were  dissolved  in  an  excess  of 
standardized  sodium  hydroxide  solution  and  stirred  under  nitrogen  until  dissolved. 
The  excess  sodium  hydroxide  was  back  titrated  to  pH  7,  and  the  equivalent  weight 
of  the  acids  were  determined  from  the  amount  of  sodium  hyroxide  consumed.  Equiv¬ 
alent  weight  of  known  acids  were  titrated  to  determine  the  accuracy  of  this  proce¬ 
dure  and  these  results  are  shown  in  Table  6. 

Table  6.  Equivalent  Weight  of  Known  Acids 


Eq.  wt. 

%  Error 

m-HO-0/COOH 

138 

0.27% 

2,  3-Napthalene  dicarboxylic  acid 

108  ±  3.7a 

0.26% 

1.  2,  4-0/(CO2H)3 

68.2  ±  0.35a 

2.60% 

1,  2,  4,  5-0/(CO2H)4 

63.5 

2.00% 

Tannic  Acid  547 

C76H52°46 

F.  W.  1701.23 

aAverage  and  average  deviation  for  two  determinations. 


SUMMARY 

Carboxylic  acids  generated  via  a  reductive  carboxylation  reaction  with  alkali 
metals  and  carbon  dioxide  have  produced  acids  with  an  equivalent  weight  varying 
between  258  to  500  g.  Equivalent  weights  were  determined  by  dissolving  the  acids 
in  excess  standardized  sodium  hydroxide  and  back  titrating  with  standardized  hydro¬ 
chloric  acid.  Infrared  analysis  of  the  carbonyl  stretch  for  the  acids  agreed  very  well 
with  the  corresponding  equivalent  weights.  Over  60%  of  the  coal  was  solubilized 
with  this  procedure  with  over  half  of  the  soluble  material  recovered  as  carboxylic  acids 
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ABSTRACT 

The  enzyme  lactate  oxidase  was  immobilized  on  a  perioxide-sensing  electrode 
for  the  rapid  and  repetitive  determination  of  lactate  in  aqueous  solution  and  in  nor¬ 
mal  pooled  human  serum.  The  immobilized  enzyme  is  extremely  stable  if  stored  at 
0°C  when  the  probe  is  not  being  used.  Lactate  concentrations  as  low  as  2  x  10  ~  7 
M  can  be  detected.  The  calibration  curve  is  linear  in  the  concentration  range  of  5 
x  10“  7  M  to  3  x  10“  4  M  at  ph  7.50  and  the  method  described  is  selective  for  L 
(  +  )  -  lactate. 


INTRODUCTION 

The  analysis  of  lactate  is  important  in  the  food,  beverage,  and  cosmetic  indus¬ 
tries.  Its  analysis  in  biological  samples  is  also  of  importance.  Enzymes  have  been  used 
to  an  increasing  extent  in  these  analyses,  in  general,  because  of  the  selectivity,  sim¬ 
plicity,  comparable  sensitivity,  and  relatively  low  cost  of  the  enzymes  used. 

A  number  of  the  enzymatic  methods  have  utilized  lactate  dehydrogenase  which 
requires  a  coenzyme  for  its  activity,  while  others  have  used  lactate  oxidase  in  con¬ 
junction  with  the  Clark  Oxygen  Electrode.  L-lactate  and  lactate  dehydrogenase  have 
been  determined  sequentially  in  the  same  reaction  mixture  (Mizutani  et  al.,  1983). 
In  another  study  the  flow  injection  analysis  technique  was  used  for  the  analysis  of 
L-lactate  (Yao  et.  al.,  1982).  In  enzyme  analysis,  substrate  recycling  results  in  high 
sensitivity  and  this  has  been  used  in  conjunction  with  an  enzyme  thermistor  to  deter¬ 
mine  L-lactate  (Scheller  et.  al.,  1985).  The  use  of  biocatalysts  other  than  purified 
enzymes  has  become  quite  popular  in  chemical  analysis.  A  biosensor  using  permea- 
bilized  yeast  for  the  determination  of  L-lactate  has  been  reported  (Vinke  et  al.,  1985) 
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In  this  work,  the  enzyme  lactate  oxidase  was  used  in  conjunction  with  an  ampero- 
metric  electrode  to  detect  hydrogen  peroxide,  a  product  of  the  enzyme-catalyzed  oxi¬ 
dation  of  L(  +  )  -  lactate,  and  relate  it  to  the  concentration  of  L(  +  )  -  lactate  in  the 
sample  solution  via  a  calibration  curve. 

EXPERIMENTAL  SECTION 

Apparatus 

All  measurements  of  current  were  made  using  the  YSI-Clark  Model  2510  Oxi¬ 
dase  Probe™  and  the  YSI  Model  25  Oxidase  Meter  (Yellow  Springs  Instrument  Co., 
Yellow  Springs,  OH).  The  Fisher  Model  4512BF  strip  chart  recorder  was  used  to  mark 
current  traces.  A  Fisher  Model  80  water  bath  circulator  was  used  to  control  the  tem¬ 
perature  of  a  50-ml  double-jacketed  glass  sample  cell  at  25.0  ±  0.1°  C. 

Materials 

Lactate  oxidase  (EC  1.1.3.X)  from  Pediococcus  species,  normal  pooled  human 
serum,  and  lithium  lactate  were  purchased  from  Sigma  Chemical  Co.,  St.  Louis, 
MO.  Phosphate  buffer  solutions  of  0.10  M  concentrations  were  prepared  in  distilled 
deionized  Millipore  water.  Only  analytical  reagents  were  used  in  the  study.  Colla¬ 
gen  membranes  were  obtained  from  YSI  and  activated  chemically  according  to  estab¬ 
lished  methods  (Coulet  et  al.,  1974)  while  cellulose  acetate  membranes  were  prepared 
according  to  established  procedures. 

Preparation  of  the  Enzyme  Probe 

An  ultrafine  cellulose  acetate  membrane  was  first  placed  over  the  Oxidase 
Probe™.  Then  lactate  oxidase  (5  units)  was  pipetted  onto  the  center  of  this  mem¬ 
brane,  over  the  circular  platinum  anode  of  the  probe.  The  enzyme  layer  was  then 
covered  with  a  one-inch  diameter  of  the  chemically  activated  collagen  membrane 
which  was  held  in  place  with  an  “O”  ring  according  to  the  manufacturer’s  instruc¬ 
tions.  The  probe  was  then  conditioned  in  a  pH  7.50  phosphate  buffer  for  about  2 
hours  or  until  a  steady  background  current  was  obtained  at  the  probe. 


RESULTS  AND  DISCUSSION 

The  analysis  of  lactic  acid  using  the  enzyme  lactate  oxidase  is  based  on  the  enzyme- 
catalyzed  reaction  shown  below: 


Lactate  +  02  +  H20 


lactate  oxidase 
(EC  1.1. 3.X) 


> 


Pyruvate  +  H202 


In  the  above  reaction,  the  recently  commercially  available  enzyme  lactate  oxidase 
(as  yet  unclassified  by  the  Enzyme  Commission),  catalyzes  the  oxidation  of  lactate 
to  pyruvate  and  hydrogen  peroxide.  The  hydrogen  peroxide  is  oxidized  at  the  plati¬ 
num  anode  of  the  Oxidase  Probe™  producing  a  current  that  is  proportional  to  the 
concentration  of  lactate  in  the  sample  solution. 

The  purpose  of  the  cellulose  acetate  membrane  is  to  minimize  the  effects  of  reduc¬ 
ing  agents  such  as  ascorbic  acid  in  the  sample  solution  from  reaching  the  probe.  Previ¬ 
ous  studies  have  shown  this  membrane  to  be  very  effective  at  screening  ascorbic  acid 
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from  interfering  with  the  response  of  the  amperometric  probe  (Srinivasan  et  ah,  1983). 
Collagen  membrane  was  used  to  immobilize  the  enzyme  because  it  is  a  general  pur¬ 
pose  membrane  with  the  distinct  advantage  of  providing  a  texture  to  which  exzymes 
can  directly  bond  after  its  surface  has  been  chemically  activated. 

The  analysis  time  was  significantly  reduced  as  a  result  of  the  immobilization  of 
the  enzyme  on  a  probe.  In  this  case,  the  enzyme  is  highly  concentrated  and  converts 
only  the  substrate  which  diffused  through  the  membrane  from  the  bulk  solution.  Once 
a  stable  background  current  was  obtained  at  the  probe,  it  was  offset  on  the  meter 
and  a  calibration  curve  could  be  obtained  in  less  than  10  minutes. 

The  pH  profile  of  immobilized  lactate  oxidase  is  shown  in  Figure  1,  where  maxi¬ 
mum  enzyme  activity  occurs  at  pH  7.50.  Subsequent  experiments  were  carried  out 
at  this  pH  value  and  all  measurements  were  carried  out  at  25°C. 

The  calibration  curve  for  L  (  +  )  -  lactate  (added  as  the  lithium  salt)  is  shown 
in  Figure  2,  where  the  logarithm  of  the  molar  concentration  of  L  ( + )  -  lactate  is 
plotted  against  the  logarithm  of  the  current.  The  upper  limit  of  the  linear  region 
of  this  curve  was  limited  by  the  meter  which  measured  currents  up  to  100  nA.  The 
enzyme  was  selective  only  for  the  L  (  +  )  -  isomer  of  lactic  acid. 

Precision  studies  were  carried  out  using  this  enzyme  probe,  to  ascertain  its  sta¬ 
bility  and  reproducibility.  The  results  are  shown  in  Table  I,  where  aqueous  samples 
were  studied.  These  results  show  that  immobilized  lactate  oxidase  is  quite  stable  and 
it  is  suitable  for  the  quantitation  of  lactate  in  aqueous  samples.  The  probe  was  useful 
for  a  period  of  over  18  days  before  it  was  necessary  to  replace  the  enzyme  layer. 

The  application  of  the  immobilized  enzyme  in  the  analysis  of  L  ( + )  -  lactate 
in  human  serum  was  undertaken  by  carrying  out  recovery  studies  of  lactate  added 
to  various  volumes  of  diluted  (1  +  20)  normal  pooled  human  serum.  Sample  volumes 
varied  from  5  ml  to  50  ml.  The  measured  concentrations  were  compared  to  the  true 
values  as  shown  in  Table  II.  The  results  of  this  study  indicate  that  such  a  probe  could 
be  a  useful  tool  for  the  rapid  analysis  of  lactate  in  aqueous  and  serum  samples.  Sam¬ 
ples  more  concentrated  than  15  mg  l-1  were  diluted  before  analysis. 

The  method  of  analysis  of  lactate  studied  in  this  work  is  simple,  convenient,  fast, 
and  reliable.  It  could  therefore  be  adapted  for  the  routine  analysis  of  lactate  in  the 
clinical  laboratory. 

Table  1.  Precision  studies  and  relative  errors  in  random  Lactate  assays  at  pH  7.50 
and  25°C. 


Lactate  Concentration  (mg  1  *) 

Relative 

Within-run 

error 

precision3 

Taken 

Found 

(%) 

(%) 

0.21 

0.20 

-4.8 

±3.1 

0.45 

0.44 

-2.2 

±2.6 

1.05 

1.07 

+  1.9 

±  1.5 

2.24 

2.22 

-0.9 

±1.0 

4.61 

4.63 

+  0.4 

±1.0 

10.50 

10.54 

+  0.4 

±1.0 

aRSD  calculated  from  eight  determinations 
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Table  2.  Recovery  Studies  of  Lactate  in  normal  Pooled  Human  Serum. 


Average  Lactate 
added  (mg  1  ~ 

%  Recovery 

1.23 

99 

2.51 

99 

6.16 

101 

9.80 

101 

12.20 

98 

Fig.  1.  pH  profile  of  immobilized  lactate  oxidase  at  25°C. 
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Log[Lac-tic  field]  IM) 

Fig.  2.  Typical  calibration  curve  for  lactate  with  immobilized  lactate  oxidase  at  pH  7.50  and  25°C. 
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ABSTRACT 

Petrographic  and  petrophysical  studies  indicate  that  the  oil-  and  gas-producing 
microfacies  of  the  bioclastic  and  oolitic  offshore  bars  of  the  Salem  Limestone  of  south¬ 
eastern  Illinois  owe  their  economic  properties  (porosity  reaching  13%)  to  a  complex 
depositional-diagenetic  evolution.  The  result  of  this  evolution  is  an  association  of 
residual  primary  submarine  porosity  and  of  secondary  undersaturated  freshwater 
phreatic  porosity  which  escaped  various  subsequent  cementation  processes  in  the  satu¬ 
rated  freshwater  phreatic  and  deep  burial  environments. 

No  effects  of  secondary  burial  dissolution  were  observed  except  for  very  minor 
fracture  and  stylolitic  porosities. 

INTRODUCTION 

The  Salem  Limestone  is  part  of  the  Middle  Mississippian  Valmeyeran  Series  of 
the  Illinois  Basin.  Its  typical  bioclastic  and  oolitic  calcarenites  in  southeastern  Illinois 
belong  to  shallowing-upward  sequences  which  represent  hydrodynamic  bars  prograd¬ 
ing  across  a  gently  sloping  carbonate  ramp.  These  bars  are  easily  recognizable  on 
geophysical  logs,  and  their  origin  is  attributed  to  interferences  between  changes  of 
sea  level  and  regional  subsidence  (Cluff  and  Lineback,  1981;  Cluff,  1984).  Shallowing- 
upward  sequences  consist  of  porous  calcarenites  underlain  and  overlain  by  imperme¬ 
able  calcarenites  and  calcisiltites  which  act  as  reservoir  seals.  The  types  of  porosity 
range  from  primary  and  primary  reduced  by  pressure  solution  and  cementation  to 
biomoldic  and  vuggy. 
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This  study  attempts  to  outline  how  diagenesis  generated  such  a  variety  of  porosity 
types  within  typical  prograding  bioclastic  and  oolitic  bars. 

MATERIALS  AND  METHODS 

Sequences  representing  oil-  and  gas-producing  oolitic  and  bioclastic  bars  were 
investigated  in  five  cores  from  southeastern  Illinois.  The  cores  are  listed  below  by 
well,  location  and  cored  interval. 


Core 

Well 

County 

Location 

Cored  Interval 
Feet 

1 

Farrar  5,  Roy  Reed 

Wayne 

27-1S-5E 

3600-3624 

2 

Farrar  5,  Roy  Reed 

Wayne 

27-1S-5E 

3625-3656 

3 

Farrar  4,  Roy  Reed 

Wayne 

27-1S-5E 

3593-3643 

4 

Texaco  B-l,  Francis  Wente 

Cumberland 

21-9N-7E 

2839-2869 

5 

MEPCO  8,  Gray  Est 

White 

30-3S-8E 

3805-3828 

350  samples  were  taken  at  an  average  vertical  interval  of  4.5  inches,  heated  in  toluene 
to  eliminate  residual  hydrocarbons,  and  impregnated  with  blue  low  viscosity  epoxy 
to  reveal  porosity.  Thin  sections  made  from  each  sample  were  investigated  petrographi- 
cally  and  classified  into  microf&cies  on  the  basis  of  frequencies  and  types  of  biogenic 
and  lithic  components,  proportions  and  types  of  matrix  and  cement,  sorting  and  grain 
size.  Percentages  of  components,  matrix,  cement,  and  porosity  were  estimated  visually 
using  standard  charts.  Porosity  and  permeability  were  measured  with  Ruska  equip¬ 
ment  on  plugs  drilled  as  close  as  possible  to  each  thin  section  location.  Porosity  ter¬ 
minology  is  after  Choquette  and  Pray  (1970). 

Detailed  descriptions  of  the  investigated  cores  and  all  porosity  and  permeability 
measurements  are  found  in  Reichelderfer  (1985). 


RESULTS 

The  petrographic  and  petrophysical  investigation  revealed  the  existence  of  nine 
distinct  microfacies  which  are  described  in  a  general  and  composite  shallowing-upward 
order.  However,  in  reality,  two  sequences  exist  with  common  end-members:  an  oolitic 
reservoir  bar,  and  a  bioclastic  reservoir  bar  which  are  lateral  hydrodynamic  equiva¬ 
lents  (See  Fig.  3).  Possibly  these  two  types  of  reservoirs  may  grade  laterally  into  each 
other  within  large  complex  bars,  but  available  control  points  do  not  allow  demon¬ 
stration  of  such  a  situation. 

Graphic  representation  of  the  petrographic  data  (See  Fig.  4)  corresponds  to  per¬ 
centage  visual  estimation  of  components  (biogenic  and  lithic),  matrix  and  porosity 
to  which  are  juxtaposed  measured  values  of  porosity  in  percent  using  mercury  injec¬ 
tion  method,  of  permeability  in  md  using  nitrogen  gas,  and  an  expression  of  the  vari¬ 
ations  of  the  relative  energy  of  the  environment  of  deposition. 
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Microfacies  A  (slope) 

Dolomitized,  fine-grained  crinoid -Endothyra  biocalcarenite  with  bioclastic  matrix 
(Fig.  1A).  Large  solitary  corals  and  syringoporid  corals  also  occur. 

Measured  porosity  averages  8%,  and  ranges  from  4  to  12%.  Primary  porosity 
predominates  as  unfilled  chambers  in  foraminiferal  tests,  interseptal  spaces  in  corals, 
and  zooecia  of  bryozoans.  Secondary  porosity  combines  biomolds  of  unstable  consti¬ 
tuents  (pelecypods  and  gastropods)  held  by  micrite  envelopes,  and  fractures  with  inter¬ 
crystalline  porosity  in  dolomitized  matrix.  Because  of  the  small  size  and  poorly 
connected  nature  of  pore  spaces,  permeability  of  this  microfacies  is  0  md.  For  all 
practical  purposes  this  microfacies  acts  as  a  seal. 

Microfacies  B  (foraminiferal  fore  bar) 

Pressure- welded,  Endothyra- crinoid  biocalcarenite  with  common  syntaxial  over¬ 
growths  and  interparticle  sparite  cement  (Fig.  IB). 

Measured  porosity  averages  9% ,  and  ranges  from  2  to  18%  .  Permeability  aver¬ 
ages  31  md,  and  ranges  from  0  to  142  md.  Primary  porosity  consists  of  intraparticle 
unfilled  Endothyra  chambers,  and  interparticle  reduced  by  sparite  cement  and  syn¬ 
taxial  overgrowths  on  crinoid  fragments.  Abundant  overgrowths  create  a  framework 
that  enables  pore  spaces  left  by  incomplete  cementation  to  remain  open.  Secondary 
porosity  consists  of  biomolds  of  unstable  constituents  (mollusks)  held  by  micrite  enve¬ 
lopes,  and  fractures.  Advanced  stages  of  pressure  solution  tend  to  destroy  both  types 
of  porosity  in  association  with  saddle  dolomite  and  anhydrite  cements. 

Microfacies  C  (oolitic  bar) 

Well-sorted  compacted  oolitic-crinoidal  biocalcarenite  with  isopachous  rim  cement 
and  interparticle  sparite  (Fig.  1C).  This  microfacies  is  frequently  cross-bedded,  and 
locally  bioturbated. 

Measured  porosity  averages  13% ,  and  ranges  from  3  to  23% .  Primary  porosity 
is  important  as  interparticle  reduced  by  isopachous  rim  and  sparite  cements,  and 
unfilled  chambers  of  foraminifers.  However,  in  numerous  samples  porosity  is  enhanced 
by  secondary  types  such  as  biomolds  of  mollusks,  and  occasional  dissolved  ooid  con¬ 
centric  laminae  (Fig.  2B,C).  In  samples  with  maximum  porosity  of  23% ,  open  vugs 
of  an  unusual  type  due  to  the  dissolution  of  pelletoidal  burrow  fillings  with 
microsparite  cement  (Fig.  2D,E,F)  are  responsible  for  most  of  the  porosity  because 
interparticle  spaces  are  highly  reduced  by  calcite  cementation.  Permeability  is  often 
minor  (average  22  md,  range  0  to  80  md)  even  when  porosity  is  high  because  vugs 
are  poorly  interconnected.  Occlusion  of  the  secondary  vug  porosity  is  by  sparite,  anhy¬ 
drite,  and  saddle  dolomite  (Fig  2G). 

Microfacies  D  (bioclastic  bar) 

Pressure- welded,  crinoidal-algal  clast -Eiidothyra  biocalcarenite  with  syntaxial 
overgrowth  cement  (Fig.  ID). 

Measured  porosity  averages  10%  ,  and  ranges  from  1  to  15%  .  Permeability  aver¬ 
ages  29  md,  and  ranges  from  0  to  142  md.  Primary  porosity  is  important  as  interpar¬ 
ticle  reduced  either  by  cementation  or  pressure  solution,  and  as  intraparticle  in  tests 
of  various  organisms.  Samples  with  maximum  porosity  display  a  combination  of  large 
interparticle  unfilled  pore  spaces,  and  secondary  porosity  represented  by  abundant 
biomolds  of  mollusks  and  oversized  pores  where  several  fragments  of  unstable  consti- 
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tuents  were  adjacent  to  each  other  and  dissolved.  In  some  instances,  stylolitic  and 
fracture  porosities  (Fig.  2H)  added  a  small  amount  of  secondary  pore  space.  Advanced 
stages  of  pressure  solution  together  with  calcite  cementation  tend  to  destroy  both  types 
of  porosity. 

Microfacies  E  (oolitic  back  bar) 

Grain-supported  to  mud-supported  oolitic-algal  clast-crinoid -Endothyra  biocal- 
carenite  with  sparite  cement,  pelletoidal  geopetal  internal  sediment  and  massive  matrix 
(Fig.  IE).  Matrix  is  locally  bioturbated  and  isopachous  rim  cement  is  also  present. 

Measured  porosity  averages  8  % ,  and  ranges  from  3  to  11%.  Permeability  aver¬ 
ages  14  md,  and  ranges  from  0  to  51  md.  Primary  porosity  generally  predominates 
as  reduced  type  by  incomplete  calcite  cementation.  Secondary  porosity  is  again  respon¬ 
sible  for  the  highest  value  of  1 1  %  as  the  unusual  type  of  open  vugs  due  to  the  dissolu¬ 
tion  of  pelletoidal  burrow  fillings  (as  in  microfacies  C)  together  with  biomolds  of 
mollusks,  dissolved  concentric  layers  of  ooids,  and  stylolitic  porosity.  Samples  with 
lesser  porosity  are  either  pressure  welded,  or  finer  grained,  and  contain  abundant 
crinoids  with  syntaxial  overgrowths. 

Microfacies  F  (bioclastic  back  bar) 

Fine-grained  crinoid -Endothyra  biocalcarenite  with  pelletoidal  matrix  and  inter¬ 
particle  sparite  cement  (Fig.  IF).  Matrix  is  frequently  geopetal. 

Measured  porosity  is  3%  and  entirely  primary  reduced  by  incomplete  interpar¬ 
ticle  cementation.  Permeability  is  0  md. 

Microfacies  G  (reworked  algal  flat) 

Grain-supported  algal- (Stachyodes,  Girvanella  and  Orthonella)  crinoidal  biocal¬ 
carenite  with  isopachous  rim  cement  and  interparticle  sparite  (Fig.  1G). 

Measured  porosity  averages  7  %  ,  and  ranges  from  1  to  12%  .  Permeability  aver¬ 
ages  13  md,  and  ranges  from  0  to  53  md.  Primary  porosity  predominates  generally 
as  reduced  type  by  a  combination  of  submarine  dissolution  of  isopachous  rim  cement, 
and  incomplete  interparticle  sparite  cementation.  Samples  with  lesser  porosity  dis¬ 
play  fibrous  rim  cement  which  occluded  most  of  the  primary  porosity.  Minor  secon¬ 
dary  porosity  consists  of  pelecypod  biomolds.  Destruction  of  porosity  results  from  a 
sparite  mosaic  cement,  sometimes  associated  with  saddle  dolomite  filling  any  remain¬ 
ing  pore  space  except  for  an  occasional  incompletely  cemented  pelecypod  biomold. 

Microfacies  H  (algal  flat) 

Algal-constructed  to  grain-supported  algal  clast-oolitic-crinoidal  biocalcarenite 
with  isopachous  rim  cement,  geopetal  pelletoidal  internal  sediment,  and  sparite  cement 
(Fig.  1H). 

In  situ  algal  growths  of  Girvanella ,  Orthonella ,  and  Stachyodes  characterize  this 
microfacies,  together  with  large  algal-coated  intraclasts.  Geopetal  internal  sediment 
rests  on  isopachous  rim  cement  showing  partial  submarine  dissolution,  and  on  a  variety 
of  components. 

Measured  porosity  averages  8%,  and  ranges  from  2  to  12%.  Permeability  is 
negligible  (average  0  md,  range  0  to  2  md).  Primary  porosity  predominates  as  reduced 
type  by  isopachous  rim  and  sparite  cement.  Secondary  porosity  consists  of  partially 
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dissolved  normal  ooids,  and  large  vugs  due  to  the  dissolution  of  pelletoidal  matrix 
filling  of  burrows.  Samples  with  lesser  porosity  result  from  a  combination  of  abun¬ 
dant  pelletoidal  matrix,  thick  isopachous  rim  cement,  and  well-developed  sparite 
cement.  The  latter  together  with  saddle  dolomite  fill  interparticle  voids  and  dissolu¬ 
tion  vugs. 

Microfacies  1  (lagoon) 

Bioturbated,  fine-grained,  mud-supported  crinoid-ostracod-calcisphere-small  ben¬ 
thic  foraminifer  biocalcarenite  with  argillaceous  calcisiltite  and  bioclastic  matrix  (Fig. 
2A).  Bioturbation  and  pyrite  streaks  are  common. 

Measured  porosity  is  1  % ,  but  no  porosity  is  visible  in  thin  section.  Permeability 
is  0  md,  and  for  all  practical  purposes  this  microfacies  acts  as  a  seal.  Primary  porosity 
represented  by  minute  interparticle  pore  spaces,  and  intraparticle  spaces  in  tests  as 
well  as  secondary  porosity  corresponding  to  biomolds  have  been  occluded  by 
microsparite  cement. 

Ideal  Depositional  Models 

In  both  bioclastic  and  oolitic  bars,  microfacies  A  representing  the  slope  is  dolomi- 
tized.  This  dolomitization  took  place  probably  soon  after  deposition  by  a  dorag  proc¬ 
ess  resulting  from  freshwater  and  marine  water  mixing.  However,  no  evidence  of 
the  exposure  necessary  to  provide  freshwater  for  dolomitization  has  been  encountered 
in  the  investigated  sections.  It  is  known  that  minor  subaerial  exposure  of  carbonate 
bodies  could  provide  temporary  and  localized  conditions  of  mixing  (Kaldi  and  Gid- 
man,  1982).  Therefore,  the  assumption  is  made  that  some  of  the  bars  could  have 
been  exposed  occasionally. 

In  the  ideal  bioclastic  bar  model  (Fig.  3A),  the  amount  of  matrix  varies  in  clear 
opposition  to  porosity  and  permeability.  Both  well-sorted  calcarenite  microfacies  B 
and  D  with  peaks  of  porosity  and  permeability  display  predominantly  interparticle 
reduced  primary  porosity.  Where  matrix  is  present,  as  in  the  slope  (A),  bioclastic  back 
bar  (F),  and  lagoon  (I)  microfacies,  porosity  and  permeability  are  reduced. 

The  relationship  between  porosity,  permeability,  and  microfacies  is  more  com¬ 
plex  in  the  ideal  oolitic  bar  model  (Fig.  3B).  The  oolitic  bar  (microfacies  C),  which 
shows  the  greatest  porosity,  contains  numerous  oolitically  coated  crinoids.  This  tex¬ 
ture  makes  syntaxial  overgrowths  on  crinoids  rare.  Although  they  reduce  primary 
porosity  when  present,  these  overgrowths  formed  a  stable  framework  that  kept  residual 
pore  space  open  during  pressure  solution.  Vugs  also  add  to  the  porosity  in  this  microfa¬ 
cies.  The  peak  in  permeability,  however,  is  in  the  foraminiferal  fore  bar  (microfacies 
B)  because  the  chambers  in  the  Endothyra  provide  numerous  interconnected  pore 
spaces. 

Although  matrix  certainly  influences  the  reduction  of  porosity  and  permeability 
in  the  slope  (A)  and  lagoonal  (I)  microfacies,  other  matrix-rich  microfacies,  such  as 
the  oolitic  back  bar  (E),  still  display  high  porosity.  This  porosity  is  related  to  the  for¬ 
mation  of  vugs  by  burrow  dissolution.  Although  algal  flat  microfacies  (H)  displays 
matrix,  it  also  contains  interstitial  calcarenite  where  most  of  the  porosity  is  located. 
Unfilled  vugs  add  to  the  porosity  in  this  microfacies,  but  because  they  are  poorly  inter¬ 
connected,  they  often  do  not  affect  permeability. 

In  summary,  both  types  of  bars  contain  good  reservoir  microfacies  represented 
by  the  uncompacted,  well-sorted,  coarse-grained  oolitic  calcarenites  (porosity  13%), 
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bioclastic  calcarenites  (porosity  10%),  and  foraminiferal  calcarenites  (porosity  9  %) . 
Lower  energy  microfacies  which  underlie  and  overlie  the  reservoirs  represent  environ¬ 
ments  in  front  and  in  the  back  of  the  hydrodynamic  bars  which  are  matrix-rich,  finer 
grained,  and  act  as  seals. 

A  typical  example  of  shallowing-upward  bioclastic  bar  sequence  is  the  core  from 
the  well  Texaco  B-l,  Francis  Wente  (Fig.  4)  in  which  porosity  is  confined  to  the  coarse¬ 
grained  foraminiferal  and  bioclastic  bars  (microfacies  B,D).  In  the  coarse-grained 
samples  from  2856  to  2848  feet,  porosity  can  be  related  to  moderate  pressure  solu¬ 
tion,  especially  where  overgrowths  on  crinoid  fragments  show  partially  infilled  pore 
space  and  created  a  stable  framework  that  did  not  allow  primary  pore  space  to  col¬ 
lapse  during  pressure  solution. 

The  largest  values  of  porosity  and  permeability  occur  when  unfilled  foraminiferal 
tests  are  abundant  and  provide  additional  pore  space.  In  samples  with  abundant  over¬ 
growths,  components  are  more  often  sutured  and  no  pore  space  is  left.  In  the  finer 
grained  samples,  overgrowths  tend  to  occlude  all  primary  porosity. 

DISCUSSION  AND  CONCLUSION 

A  generalized  diagenetic  sequence  can  be  prepared  encompassing  all  the  inves¬ 
tigated  cores  (Fig.  5),  and  explaining  the  origin  of  the  porosity  of  the  oil-  and  gas- 
producing  microfacies  of  the  bioclastic  and  oolitic  bars. 

The  petrographic  description  of  microfacies  shows  that  the  main  type  of  porosity 
is  primary  interparticle  and  intraparticle  in  part  immediately  reduced  by  isopachous 
rim  cementation  which  takes  place  in  the  active  marine  phreatic  environment.  Fur¬ 
ther  porosity  of  secondary  type  is  generated  by  total  or  partial  dissolution  of  unstable 
aragonitic  or  high-magnesium  constituents  such  as  tests  of  pelecypods  and  gastropods 
surrounded  by  micrite  envelopes,  pelletoidal  filling  of  burrows  with  submarine 
microsparite  cement,  and  concentric  rings  of  ooids.  This  process  occurred  in  the  under¬ 
saturated  freshwater  phreatic  environment.  A  small  amount  of  intercrystalline  secon¬ 
dary  porosity  developed  through  a  dorag  process  of  dolomitization  in  the  slope 
microfacies,  and  was  accompanied  by  secondary  quartz  generation. 

Early  compaction  caused  minor  fracturing,  and  these  early  fractures  are  diffi¬ 
cult  to  distinguish  from  those  of  late  burial  origin.  Petrographically,  the  cements  fill¬ 
ing  the  fractures  do  not  appear  different,  nor  could  cathode  luminescence  distinguish 
between  them.  The  fracture  morphology  (an  even,  straight  fracture  formed  during 
early  compaction  and  a  fibrous,  branching  fracture  formed  during  the  more  ductile 
burial  stage)  usually  allows  them  to  be  differentiated.  The  relationship  of  stylolites 
to  fractures  also  contributes  to  the  distinction:  early  compaction  fractures  are  some¬ 
times  cut  by  stylolites,  whereas  late  fractures  seem  to  be  associated  with  the  process 
of  stylolitization. 

Further  subsidence  of  the  microfacies  into  the  saturated  freshwater  phreatic 
environment  led  to  widespread  cementation  of  all  previous  types  of  porosity  by  inter¬ 
particle  sparite  mosaic  and  syntaxial  overgrowths  (sparite  cementation  I). 

In  the  burial  environment  cementation  continued  through  the  action  of  forma¬ 
tion  brines  as  silicification,  anhydritization,  and  precipitation  of  saddle  dolomite  as 
well  as  some  late  sparite  in  fractures  (sparite  cementation  II).  The  timing  of  these 
processes  of  cementation  varies,  but  silicification  seems  to  precede  anhydritization 
as  shown  by  silicified  crinoid  fragments  replaced  by  anhydrite.  At  least  two  phases 
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of  anhydritization  are  evident:  pore  filling  and  replacive.  The  second  phase  replaces 
saddle  dolomite,  but  in  another  sample,  a  rhomb  of  saddle  dolomite  replaces  mas¬ 
sive  anhydrite.  Both  saddle  dolomite  and  anhydrite  can  replace  components,  matrix, 
and  cement  pervasively  or  act  as  a  pore- filling  cement.  The  reducing  conditions  in 
the  burial  environment  probably  also  account  for  the  reduction  of  the  residual  organic 
matter  in  Endothyra  and  other  bioclasts  to  form  pyrite.  During  burial  which  reached 
6000  feet  or  more  during  Late  Pennsylvanian  or  Permian  (Damberger,  1971),  and 
is  now  approximately  2000  to  4000  feet,  no  important  dissolution  processes  took  place 
with  the  exception  of  very  minor  generation  of  fracture  and  stylolitic  secondary  porosi¬ 
ties.  Present-day  porosity  of  economic  interest  in  the  Salem  Limestone  consists  of  pores 
which  have  survived  the  complex  diagenetic  evolution  described  above. 
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Fig.  1.  Typical  microfacies.  A.  Microfacies  A.  B.  Microfacies  B.  C.  Microfacies  C.  D.  Microfacies  D. 
E.  Microfacies  E.  F.  Microfacies  F.  G.  Microfacies  G.  H.  Microfacies  H.  All  photomicrographs: 
plane  polarized  light,  except  C,  crossed  nicols. 
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Fig.  2.  Typical  microfacies  (continued)  and  porosity  types  (designated  by  letter  P).  A.  Microfacies  I. 
B.  Partially  filled  gastropod  biomoldic  porosity  and  reduced  interparticle  porosity.  C.  Selective 
cortical  dissolution  in  ooid,  with  compacted  submarine  fibrous  rim  cement.  D.  Burrows  filled 
with  pellets  and  submarine  microsparite  cement.  Vugs  illustrated  in  E,  F,  and  G  similarly  are 
inferred  to  have  been  filled  before  dissolution.  E.  Unfilled  vug,  with  lack  of  interstitial  porosity 
in  biocalcarenite.  F.  Unfilled  vug,  with  well-preserved  rim  cement  surrounding  ooids  and  bioclasts 
near  vug  and  dissolution  of  mollusk  fragment  to  right  of  vug.  G.  Vug  filled  with  saddle  dolo¬ 
mite  and  minor  sparite.  H.  Stylolitic  porosity.  All  photomicrographs:  plane  polarized  light,  except 
G,  crossed  nicols. 
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Fig.  3.  Ideal  depositional  models. 
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Fig.  4.  Typical  vertical  variation  of  microscopic  parameters  during  shallowing-upward  sequence,  well 
Texaco  B-l,  Francis  Wente. 
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Fig.  5.  Summary  of  diagenetic  processes  and  environments.  Thickness  of  line  denotes  comparative  abun¬ 
dance  of  process  in  microfacies. 
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ABSTRACT 

Stratigraphic  relations  and  morphology  of  the  groundwater  table  show  that 
leachate  from  the  Urbana  sanitary  landfill  has  a  good  probability  of  being  carried 
into  nearby  Boneyard  Creek,  a  tributary  of  the  Salt  Fork  of  the  Vermilion  River. 
Further  research  is  required  to  determine  quantitatively  whether  contaminants  con¬ 
tained  in  this  leachate  represent  a  significant  harzard  to  the  surrounding  environment. 

INTRODUCTION 

Much  controversy  recently  has  surrounded  the  operation,  management,  and  future 
closure  of  the  Urbana,  Illinois  sanitary  landfill.  Journalistic  preoccupation  with  this 
site  is  not  atypical  of  the  landfill’s  history. 

Our  objective  has  been  to  collect  and  correlate  data  from  water  wells,  monitor 
wells,  and  any  other  available  sources  that  provide  meaningful  geologic  information 
for  assessment  of  the  probability  of  potential  leachate  movement  from  the  sanitary 
landfill  to  nearby  Boneyard  Creek  (Saline  Branch)  of  the  Salt  Fork  of  Vermilion  River. 
If  underlying  sedimentary  strata  are  permeable  and  if  available  hydrologic  informa¬ 
tion  indicates  a  general  migration  toward  and  depression  of  the  water  table  at  Bone¬ 
yard  Creek,  the  probability  of  leachate  being  carried  from  the  landfill  into  the  stream 
is  correspondingly  great.  Of  course,  numerous  other  factors,  such  as  thickness  and 
design  of  the  impermeable  seal  used  in  construction  of  the  site,  care  taken  installing 
the  seal,  permanence  of  the  seal,  speed  of  water  migration  in  the  subsurface,  and 
nature  (chemical  composition,  stability,  concentration,  and  longevity)  of  leachate  com¬ 
pounds  being  transported  also  must  be  considered  when  assessing  potential  contami¬ 
nation  of  surrounding  areas.  All  of  these  factors  should  be  studied  more  exhaustively 
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and  in  greater  detail.  General  understanding  of  the  stratigraphic  geology  beneath 
and  surrounding  the  sanitary  landfill,  however,  is  fundamentally  important  to  more 
detailed  analysis  of  the  hydrology,  geochemistry,  and  engineering  geology  of  the  site. 

DATA 

The  sanitary  landfill  is  in  northeast  Urbana.  The  site  lies  principally  in  the  north¬ 
west  quarter  of  Section  10,  Township  19  North,  Range  9  East  of  the  Urbana  quad¬ 
rangle  (7-1/2  minute,  U.S.  Geological  Survey  topographic  map)  and  adjacent 
Thomasboro  quadrangle.  Rock  data  were  obtained  from  water  well  records  at  the 
Illinois  State  Geological  Survey  (University  of  Illinois  campus,  Champaign)  for  Sec¬ 
tions  9  and  10  primarily,  but  also  for  all  sections  immediately  adjacent  (specifically, 
Sec.  3,  4,  5,  8,  15,  16,  and  17).  Data  from  monitor  wells  for  the  sanitary  dump  were 
obtained  from  the  Illinois  Environmental  Protection  Agency  (Springfield).  These  data 
included  sample  cutting  descriptions  as  well  as  some  water  information  in  and  around 
the  perimeter  of  the  Urbana  sanitary  landfill. 

DISCUSSION 

Analysis  of  available  data  indicates  that  the  Urbana  sanitary  landfill  is  underlain 
by  clay  to  a  depth  of  about  20  m  (60  ft)  and  by  permeable  sands  to  a  depth  of  at 
least  70  m  (210  ft)  beneath  the  surface  (Fig.  1).  The  water  table  exists  roughly  5  to 
7  m  (15  to  20  ft)  beneath  the  surface  in  clayey  sediment  and  shows  a  significant  depres¬ 
sion  toward  the  Roneyard  Creek  (Fig.  2)  indicating  groundwater  movement  from 
the  permeable  sediment  into  the  creek. 

If  any  leachate  escapes  the  constructed  seal  to  the  landfill,  it  has  a  good  proba¬ 
bility  of  being  carried  directly  into  the  stream.  However,  permeabilities  measured 
by  consulting  engineering  groups  indicate  that  water  movement  may  be  slow  enough 
(Charles  Rartholomew  Engineering,  Inc.  1984)  that  potential  contaminants  might 
be  diluted  by  meteoric  waters  to  levels  which  are  not  toxic. 

CONCLUSIONS 

Although  stratigraphic  and  hydrologic  data  indicate  a  strong  possibility  of  leachate 
movement  from  the  Urbana  sanitary  landfill  to  Boneyard  Creek,  chemical  analyses 
of  existing  surface  waters  and  groundwater  composition  would  be  helpful  in  more 
accurately  assessing  the  potential  danger.  Quantitative  data  on  the  dilution  and  speed 
of  potential  leachate  movement  would  be  especially  valuable.  Additional  informa¬ 
tion  on  the  present  condition  and  effectiveness  of  the  designed  landfill  seal  would 
be  helpful  but  it  is  impractical  to  obtain.  Nonetheless,  two  or  three  new  monitor  wells 
between  the  landfill  and  Boneyard  Creek  would  allow  more  intensive,  detailed,  and 
accurate  analysis  of  the  potential  hazard.  In  addition,  these  wells  would  provide  a 
more  effective  guard  against  unsuspected  leakage  of  leachate  into  Boneyard  Creek. 
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Fig.  1 .  Fence  diagram  of  sedimentary  units  underlying  the  Urbana  sanitary  landfill  and  adjacent  area. 
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Fig.  2.  Contour  map  of  water  table  surface  underlying  the  Urbana  sanitary  landfill  indicating  general 
groundwater  flow  toward  Boneyard  Creek. 
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ABSTRACT 

Lake  Eureka,  Illinois,  was  created  in  1942  primarily  to  serve  as  a  water  supply 
source  for  the  City  of  Eureka.  Because  of  complaints  about  taste  and  odor  in  the 
finished  waters,  the  city  abandoned  the  lake  and  switched  to  groundwater  as  the  water 
supply  source  in  1979. 

A  detailed  taste  and  odor  investigation  indicated  that  high  concentrations  of  iron 
and  manganese,  and  the  dominance  of  blue-green  algae  in  the  lake  waters,  contributed 
to  the  problems  in  the  finished  waters. 

Lake  destratification  using  a  low-energy  mechanical  destratifier  in  the  deepest 
part  of  the  lake  in  combination  with  chelated  copper  sulfate  application  to  control 
blue- green  algae  was  tried  in  1981  as  a  means  of  enhancing  the  lake  water  quality 
characteristics. 

The  aerator  has  been  found  capable  of  destratifying  the  lake  and  maintaining 
adequate  oxygen  levels.  Iron  and  manganese  concentrations  in  the  deep  waters  have 
been  reduced  by  95  to  97%  from  the  pre-destratification  levels.  Chlorine  demand 
values  have  been  reduced  by  more  than  half,  and  problem-causing  blue-green  algae 
have  been  brought  under  control. 
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The  city  has  reverted  back  to  the  lake  as  its  water  supply  source  since  April  1982, 
and  has  realized  50  to  60  %  savings  in  the  water  treatment  plant’s  annual  operating 
costs  over  the  past  three  years. 


INTRODUCTION 

Lake  Eureka,  formed  in  1942  by  damming  a  branch  of  Walnut  Creek,  was  created 
to  serve  as  a  water  supply  source  for  the  city  of  Eureka  in  central  Illinois.  The  lake 
has  a  surface  area  of  about  14.6  ha,  mean  depth  of  1.92  m,  maximum  depth  of  5.5 
m,  and  a  watershed  area  of  688  ha. 

Persistent  taste  and  odor  problems  in  the  finished  waters  occurred  for  more  than 
10  years,  with  resultant  consumer  complaints.  The  severe  taste  and  odor  problems 
during  the  winter  of  1976-1977  marked  the  end  of  local  tolerance.  The  city  sought 
an  alternate  source  of  raw  water  and  switched  to  groundwater  in  November  1979. 

A  detailed  investigation  by  Lin  and  Evans  (1981),  conducted  during  1976-1978 
to  delineate  the  relationship  between  taste  and  odor  and  commonly  measured  water 
quality  characteristics  for  Lake  Eureka  indicated  that  the  threshold  odor  numbers 
(TON’s)  had  high  positive  correlations  with  iron,  manganese,  and  ammonia  concen¬ 
trations,  chlorine  demand,  and  the  dominance  of  blue-green  algae  in  the  lake  waters 
during  summer  months. 

In  1981,  the  Water  Quality  Section  of  the  Illinois  State  Water  Survey  instituted 
a  water  quality  management  program  for  Lake  Eureka  on  the  premise  that  if  the 
factors  contributing  to  taste  and  odor  episodes  could  be  controlled  at  the  source,  the 
lake  could  again  be  used  as  the  water  supply  source.  Aeration-destratification  in  com¬ 
bination  with  in-lake  chemical  control  of  algae  was  tried  to  enhance  lake  water  quality. 

A  low-energy  mechanical  destratifier  with  a  1.5  hp  motor,  developed  by  James 
E.  Garton  and  his  associates  at  the  Oklahoma  State  University,  Stillwater,  OK,  was 
installed  and  operated  since  May  1981.  The  City  switched  back  to  the  lake  as  its  water 
supply  source  again  on  April  13,  1982.  This  paper  compares  the  results  of  operation 
of  the  destratification  device  in  Lake  Eureka,  with  pre-operational  data  (1978)  and 
describes  the  benefits. 


MATERIALS  AND  METHODS 

The  axial  flow  pump  destratifier  used  in  Lake  Eureka  consisted  of  an  electric 
motor  (1.5  hp)  mounted  horizontally  on  a  90-degree  gear  reduction  box  (50:1),  and 
a  propeller  with  six  variable  pitch  symmetrical  blades  mounted  on  a  vertical  shaft. 
The  details  of  the  system  can  be  found  elsewhere  (Kothandaraman  and  Evans,  1982). 

The  lake  was  monitored  for  physical,  chemical,  and  biological  characteristics  on 
a  once-a-month  schedule  from  January  to  April  and  again  from  October  to  Decem¬ 
ber,  and  it  was  monitored  on  a  bi-weekly  basis  from  May  to  September  during  1982 
and  1983.  It  was  not  monitored  intensely  during  1984. 

The  locations  of  the  destratifier  and  the  three  sampling  stations  in  the  lake  are 
shown  in  Figure  1.  The  aerator  is  located  at  the  deepest  part  of  the  lake,  5.49  m. 

In-situ  observations  of  temperature,  dissolved  oxygen,  and  secchi  disc  depth  were 
made  at  Stations  1  and  2,  and  water  samples  for  chemical  and  biological  examina¬ 
tions  were  made  at  Station  1.  Water  samples  were  collected  at  the  surface  and  near 
the  bottom  (0.3  meter  from  bottom)  for  these  purposes.  Water  samples  for  determin- 
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ing  copper  concentrations  in  the  lake  waters  were  taken  from  all  three  sampling  sites 
after  a  lapse  of  approximately  24  hour  following  chemical  application.  All  determi¬ 
nation  were  made  according  to  Standard  Methods  (APHA,  1981). 

The  chemical  treatment  of  the  lake  waters  involved  applying  copper  sulfate 
chelated  with  citric  acid  on  July  8  and  August  5,  1982.  There  were  no  need  to  apply 
copper  sulfate  during  1983,  and  the  chemical  was  applied  only  on  June  23  during 
1984.  For  each  chemical  application,  200  pounds  (90.7  kg)  of  hydrated  copper  sul¬ 
fate  was  mixed  with  100  pounds  (45.4  kg)  of  citric  acid  and  applied.  The  dosage  of 
copper  sulfate  was  calculated  at  the  rate  of  5.4  pounds  per  acre  (6.1  kg/ha).  Fifty 
pounds  (22.7  kg)  of  potassium  permanganate  was  applied  to  the  lake  approximately 
48  hours  after  the  application  of  copper  sulfate. 

The  chemicals  were  applied  to  the  lake  from  two  30-gallon  plastic  containers 
with  0.5-inch  holes  drilled  in  their  bottom  halves.  The  buckets  were  floated  using 
inflated  inner  tubes.  The  buckets  were  tied  to  a  concrete  block  and  placed  in  the 
shallow  upper  end  of  the  lake.  Potassium  permanganate  was  also  applied  in  the  same 
manner.  This  method  was  found  to  be  safe,  economical,  and  effective. 

RESULTS  AND  DISCUSSION 

Temperature.  Roseboom  et  al.  (1979)  reported  that  a  thermal  gradient  began  to 
develop  in  May  1978  when  the  surface  temperature  was  12°C.  During  peak  stratifi¬ 
cation,  the  maximum  temperature  was  30°C  at  the  surface  of  the  deep  station  and 
13°C  at  the  bottom.  Bottom  waters  did  not  maintain  a  constant  temperature  typical 
of  a  firmly  stratified  lake.  Water  temperatures  near  the  bottom  varied  from  10°C 
in  April  to  18°C  in  September  1978.  The  lake  was  stratified  in  1978,  but  was  rela¬ 
tively  isothermal  in  1982  demonstrating  the  effectiveness  of  the  destratifier.  Selected 
vertical  temperature  profiles  at  station  1  for  the  years  1978  and  1982  are  shown  in 
Figure  2.  Surface  water  temperatures  were  generally  lower  during  summer  of  1982 
than  in  1978,  and  near  bottom  waters  experienced  reverse  trends.  Similar  results  were 
also  obtained  in  1983.  The  effectiveness  of  the  destratifier  is  clearly  established  by 
this  phenomenon. 

Dissolved  oxygen.  Roseboom  et  al.  (1979)  reported  that  the  lake  was  totally  devoid 
of  oxygen  six  to  eight  feet  below  the  water  surface  from  June  to  August,  1978.  Approx¬ 
imately  38  to  50%  of  the  water  column  at  Station  1  lacked  oxygen.  Figure  3  shows 
the  temporal  variations  in  dissolved  oxygen  at  the  surface  and  near  the  bottom  of 
Station  1  in  1978  and  1982.  At  the  lake  surface,  where  oxygenation  occurs  naturally, 
DO  concentrations  were  high  and  super-saturated  conditions  existed  during  both  years. 
However,  a  marked  improvement  in  DO  conditions  of  the  near  bottom-waters  was 
achieved  in  1982.  DO  saturation  levels  at  or  above  approximately  50%  were  main¬ 
tained  in  the  deep  portion  of  the  lake. 

Figure  4  shows  the  oxygen  profiles  in  the  lake  at  Station  1  for  1978  and  1982. 
The  oxic  conditions  of  the  bottom  waters  of  the  lake  were  greatly  improved  in  1982, 
as  in  all  years  the  destratifier  operated.  The  DO  profile  shown  for  August  18,  1982, 
indicates  that  oxygen  was  rapidly  depleted  near  the  bottom  when  the  aerator  shut 
down  for  a  very  brief  period  from  August  14  to  August  18,  1982  (Figures  3  and  4). 
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CHEMICAL  CHARACTERISTICS 

There  were  two  distinct  zones  of  vastly  differing  water  quality  characteristics 
although  there  was  no  well-defined  thermocline  during  the  summer  months  (Rose- 
boom  et  ah,  1979).  Phosphorus,  ammonia-nitrogen,  iron,  manganese,  and  alkalinity 
values  were  significantly  higher  in  the  bottom  waters  than  in  the  surface  waters  at 
all  times  during  thermal  stagnation.  Tables  1  and  2  indicate  the  means  and  ranges 
of  values  of  chemical  parameters  reported  by  Roseboom  et.  al.  (1979)  for  the  surface 
and  near-bottom  waters  at  Station  1  of  Lake  Eureka  during  1978. 

For  the  surface  water  samples,  alkalinity  was  higher  in  1982  and  1983  than  in 
1978  (Tables  1  and  2),  possibly  indicating  a  decrease  in  algal  productivity.  Ammonia- 
nitrogen  and  dissolved  iron  were  higher  in  1982  and  1983  than  in  1978.  As  the  lake 
surface  waters  were  well-oxygenated  during  these  three  years,  changes  in  the  values 
of  chemical  parameters  monitored  cannot  be  attributed  solely  to  the  effect  of  the 
aerator. 

A  marked  difference  in  chemical  quality  was  observed  in  the  near-bottom  waters. 
The  minimum,  mean,  and  maximum  values  for  ammonia-nitrogen,  iron,  and  man¬ 
ganese  were  reduced  significantly  in  1982  and  1983  due  to  aeration.  Reductions  of 
91,  94,  98,  and  55%  in  mean  values  of  ammonia-nitrogen,  iron,  manganese,  and 
chlorine  demand,  respectively,  were  achieved  during  1982.  Comparable  results  were 
achieved  in  1983.  As  the  raw  water  intake  in  the  lake  was  so  constructed  as  to  draw 
lake  waters  from  the  strata  varying  from  3  '6  "  to  6  '0  "  from  the  lake  bottom,  signifi¬ 
cant  improvement  in  the  near  bottom  water  chemical  quality  characteristics  assures 
the  city  of  suitable  raw  water  supply. 

Chemical  treatment.  The  chemical  treatment  was  undertaken  in  conjunction  with 
artificial  destratification,  mainly  to  control  blue-green  algal  blooms.  Lin  and  Evans 
(1981)  reported  the  domination  of  odor-  and  taste-producing  algal  species  Ceratium 
hirundinella  and  Anacystis  cyanea  during  their  monitoring  of  the  lake  in  1977  and 
1978. 

The  results  of  the  copper  analyses  are  shown  in  Table  3.  Background  copper  con¬ 
centrations  were  all  below  detection  limit  of  0.03  mg/1.  The  1982  samples  for  copper 
analyses  were  taken  24  hours  after  chemical  application,  per  the  Illinois  Environ¬ 
mental  Protection  Agency’s  permit  for  copper  sulfate  in  drinking  water  supply  reser¬ 
voirs.  Samples  obtained  after  a  lapse  of  48  hours  showed  a  more  uniform  distribution 
of  copper  in  the  lake  (Kothandaraman  and  Evans,  1982).  Although  the  chemicals 
were  applied  from  a  single  point  in  the  shallow  upper  end  of  the  lake,  the  results 
(Table  3)  indicated  that  the  copper  ions  are  dispersed  throughout  the  lake. 

The  single  point,  slow  release  method  of  chemical  application  has  been  found 
to  be  effective  and  economical,  involving  minimal  manpower  and  handling  of 
materials.  Above  all,  it  minimizes  the  chances  of  inadvertent  overdosing  of  the  lake 
waters  with  chemicals  in  local  areas.  Potassium  permanganate  was  used  mainly  to 
oxidize  the  decaying  algal  cells  which  otherwise  would  exert  an  undue  demand  on 
the  oxygen  resources  of  the  lake  waters. 

BIOLOGICAL  CHARACTERISTICS 

Phytoplankton.  The  total  algal  counts  and  the  species  distribution  of  algae  found 
at  the  surface  of  Station  1  for  the  years  1982  and  1983  are  shown  in  Table  4.  Algal 
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counts  in  the  lake  were  of  bloom  proportion  during  the  summers  of  1982  and  1983; 
either  diatoms  or  green  algae  were  dominant.  As  expected,  algal  densities  near  the 
lake  bottom  were  lower  than  at  the  surface.  Although  the  sampling  point  was  below 
the  euphotic  zone,  high  algal  counts  near  the  lake  bottom  reflect  the  phenomenon 
of  vertical  algal  redistribution  caused  by  induced  mixing.  The  shift  in  algal  species 
makeup  in  1982  and  1983  to  dominance  of  either  diatoms  or  green  algae  was  a 
welcome  change  from  that  observed  in  1977  and  1978  (Lin  and  Evans,  1981).  It  is 
postulated  that  elimination  of  the  anoxic  conditions  in  the  deeper  zones  of  the  lake 
by  destratification,  aided  by  copper  sulfate  application,  resulted  in  the  control  of  blue- 
green  algae  in  the  lake.  The  shift  in  algal  species  makeup  was  observed  in  1981,  1982, 
and  1983  after  the  lake  management  scheme  was  instituted. 

COST-BENEFIT  ANALYSIS 

The  change  in  raw  water  supply  source  in  April  1982,  resulted  in  the  alleviation 
of  several  plant  operational  problems.  The  use  of  lake  water  as  a  source  resulted  in 
reductions  in  power  consumption  and  in  the  amount  of  chemicals  used.  There  was 
no  need  to  pump  ground  water  and  run  the  cascade  aerator  for  iron,  manganese, 
and  hydrogen  sulfide  removal.  Table  5  shows  the  actual  power  consumption  and  the 
chemicals  used  in  the  treatment  plant  for  Fiscal  Year  1981-82  (  May  1,  1981  to  April 
30,  1982),  FY  1982-83,  FY  1983-84,  and  FY  1984-85.  The  treatment  plant  operated 
with  ground  water  as  the  source  during  FY  1981-82.  Significant  decreases  in  power 
consumption,  both  in  wells  and  plant  operation,  and  decreases  in  lime  and  carbon 
dioxide  usages,  are  evident. 

Table  6  shows  the  cost  savings  realized  by  the  city  during  fiscal  years  1982-83, 
1983-84,  and  1984-85  because  of  the  change  in  water  supply  source.  The  treatment 
plant  operating  cost  (excluding  manpower)  was  $91,730  for  FY  1981-82.  Knowing 
the  quantities  of  energy  and  chemicals  used  in  the  water  treatment  plant’s  post-project 
period  operations  and  using  the  unit  costs  applicable  during  the  fiscal  year  1981-82, 
the  apparent  costs  of  plant  operation  during  the  three  years  were  computed  (Table 
6).  The  operating  costs  do  not  include  man-power  costs. 

The  power  consumption  decreased  from  4300  kwh  per  million  gallons  treated 
in  1981-1982  to  a  steady  value  of  1200  kwh  per  millions  gallons  during  1982-83  and 
1983-84.  Likewise,  the  energy  and  materials  costs  decreased  progressively  from  $552 
to  $187  (in  1981  dollars)  per  million  gallons.  Thus,  the  savings  in  operating  costs 
increased  from  51.3%  in  1982-83  to  59.5%  in  1984-85.  Benefit  cost  ratios  varied  from 
39  to  82. 


SUMMARY 

A  low-energy  mechanical,  reversible  draft  destratifier  was  installed  in  Lake  Eureka 
on  May  1,  1981.  With  the  aerator  in  place  and  with  in-lake  chemical  applications 
to  control  blue-green  algae  in  the  lake,  the  water  quality  conditions  were  improved 
in  the  lake  during  1981.  Factors  in  the  lake  that  had  been  identified  as  causing  taste 
and  odor  problems  in  the  finished  waters  (such  as  high  levels  of  iron,  manganese, 
ammonia,  and  chlorine  demand;  anoxic  conditions  in  the  deep  waters;  and  blue-green 
algae  dominance)  were  reduced,  improving  the  lake  water  quality  characteristics. 
The  City  of  Eureka  reverted  to  the  lake  from  groundwater  as  its  source  of  water  supply 
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on  April  13,  1982.  With  the  aerator  in  place  and  two  chemical  applications  to  con¬ 
trol  the  blue- green  algae,  the  water  treatment  system  functioned  extremely  well,  with¬ 
out  any  source-related  consumer  complaints  about  taste  or  odor. 

The  aerator,  which  has  a  1.5  hp  motor,  destratified  the  lake  and  maintained 
adequate  oxygen  levels.  Reductions  of  about  90,  95,  98,  and  50%  in  the  mean  values 
of  ammonia-nitrogen,  iron,  manganese,  and  chlorine  demand  were  achieved  by 
destratification,  and  blue-green  algae  were  never  dominant  in  the  lake. 

The  switch  in  water  supply  resulted  in  a  significant  savings  in  power  consump¬ 
tion  and  chemicals,  particularly  lime  and  carbon  dioxide.  Costs  of  power  and 
chemicals  amounted  to  $91,730  in  1981-82  when  groundwater  was  used  as  the  water 
supply  source.  The  lake  water  quality  management  scheme  resulted  in  a  savings  of 
50  to  60%  of  the  operating  cost  in  Fiscal  Year  1981-82  after  the  city  reverted  to  the 
lake  water  supply.  The  benefit-cost  ratios  ranged  from  39  to  82  in  the  three  years 
the  system  was  monitored  by  the  Illinois  State  Water  Survey. 
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Fig.  1.  Location  of  aerator  and  sampling  stations  in  Lake  Eureka 
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Fig.  2.  Temperature  profiles  at  station  1  in  Lake  Eureka  (1978  and  1982) 
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Fig.  3.  Temporal  variations  in  dissolved  oxygen  at  the  surface  and  near  the  lake  bottom  of  station  1 
in  Lake  Eureka  (1978  and  1982) 
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Fig.  4.  Dissolved  oxygen  concentration  profiles  at  station  1  in  Lake  Eureka  (1978  and  1982) 


Table  1.  Summary  of  Water  Quality  Characteristics  at  the  Surface  of  Lake  Eureka,  Station 


96 


CO 

00 

05 


a 

o  > 

j-i 

o  05 
C5  cn 

Z  JP 
o 


05 

bo 

g 

Ph 


G 

cc3 

0) 


cn 

G 

O 


oq 

00 

05 


O 

Z 


o3 

> 

Ih 

0) 

cn 

JD 

O 


05 

bJO 

G 

03 

P9 


G 

03 

05 


cn 

G 

O 


<-4h  o3 

O  > 

Sh 

o  05 

£ 

O 


G 

ctf 

05 


C/2 

G 

O 


C/2 

J-H 

0) 

05 

s 

G 

S-H 

o3 

Gh 


O  ID 
CD  CO 

O  CD 


O  05 
t-  rH 

oq 


05 

i 

t- 

L'- 


' — 1  00  ID  i-h 

o  oq  io  co  05  — i  o 

fNl  i  i  i  i  i  i 

,  ©  IO  CO  05  05  CO 

co  oq  t"-  o  o  o  o 

i  oq  •  •  •  • 

o  o  o  o 


o 

oq 

00 


ID 


Ttoqcoiocooococo 

C005HC0HCqOH 

r— H  tH  • 

^  o  o  o  in 


CD  05  00  t"“  00  CD  GO  GO  00  00  00 


O  ro  ° 

5  §  ®  § 

CD 


CO  O 
ID  00 

r-H  Tj* 


co  oq 

r—i  t'- 

— I  00 


O  CD  i — i 
r— (  i— (  oq 


i 

CO 


TP  00 

•  co 
CO  J 


oq 


05  Tf  CO 

oq  id  o  o 


oq 

i 

o 


oq 


o  o 


CD 

© 

o  © 

V  V 


00 

oq 


ID 


O 

oq 


00  O 
rf  ID 


O 

ID 


ID 


CO 

CO 


oq  Tf  Tf  oq  n  r-  h 
oo  t--  oq  rf  oq  o 

J  O  co  O  O  co 


00  00  00  00  0O  00  00  00  00  00  00 


05 

00 

CD 

1 

oq 

ID 

05 

oo 

I- 

CO 

00 

ID 

O 

r-H 

bJO 

c 

05 

| 

00 

r-H 

o 

o 

O 

00 

03 

oq 

O 

1 

Tt< 

05 

o 

CD 

CD 

o 

00 

t- 

05 

PP 

r-H 

00 

o 

© 

© 

O 

o 

CD 

r-H 

r-H 

I>  o  o 
i— h  ih  oq 

do 


cn 

to 

G 

•  >— < 

HD 

03 

05 

u 

O 

>,  .52 

•-G  HD 

-e  is 

3  © 


in 

G3 
•  — > 

"o 

in 

HD 

05 

HD 

G 

05 


ffi 


:  £ 
— i 

^  5  G 

2  ^  o 


G 

•  i— i 

G 

O 

e 

s 

a3 

"c3 

4-> 

o 

H 


£ 

05 

4H 

c3 


TJ 

05 

'o 

cn 

cn 


CD  ID  ID 
i-h  i-H  oq 


05 

cn 

05 

G 

03 

b€ 

G 

G 


G 

vh  C  T3 

"■*  C  c 

rO  '~0  G 
05  05  G 

JO  JD  05 
O  O  HD 

cn  cn 

.59  .59  05 
HD  HD  G 

Hi 

cs  cj  O 

H  H  -H 

O  O  ~G 

H  H  U 


be 


s 


cn 

>H 

05 

JP 

-w 

O 


6 

C5 

'o 

_c 

£ 

G 


H 

£ 


Table  2.  Summary  of  Water  Quality  Characteristics  at  Near  Bottom  Waters  at  Station  1  in  Lake  Eureka 
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Table  3.  Distribution  of  Copper  Ions  in  Lake  Eureka  24  Hours  after  Chemical 
Application  (Copper  concentrations,  mg/1  as  Cu  +  + ) 


Dates  of  sam 
collections 

pie 

Station  1 

Surface  Two  feet 

Station  2 

Surface  Two  feet 

Station  3 

Surface  Two  feet 

7/9/82 

0.06 

0.04 

0.03 

0.04 

0.06 

0.06 

8/6/82 

<0.03 

0.03 

0.06 

0.10 

0.11 

0.04 

Table  4.  Algal  Types  and  Densities  in 

Lake  Eureka, 

Station  1  Surface  Samples. 

(Density  i 

in  counts  per  milliliter) 

1982 

1983 

Dates 

BG 

G 

D 

F 

T 

Dates 

BG 

G 

D 

F 

T 

5/5 

0 

0 

4945 

0 

4945 

5/4 

0 

560 

60 

0 

620 

5/27 

0 

20 

0 

10 

30 

5/17 

0 

60 

60 

9120 

9240 

6/10 

0 

45 

60 

0 

105 

6/8 

0 

90 

0 

0 

90 

6/23 

0 

60 

60 

10 

130 

6/22 

0 

390 

900 

0 

1290 

7/7 

125 

515 

5290 

680 

6610 

7/5 

100 

590 

1130 

0 

1820 

7/21 

0 

460 

865 

0 

1325 

7/20 

30 

3160 

80 

0 

3270 

8/4 

650 

2630 

5240 

0 

8520 

8/2 

0 

32760 

160 

370 

33290 

8/18 

275 

1145 

0 

210 

1630 

8/7 

0 

1970 

330 

70 

2370 

9/1 

400 

860 

270 

280 

1810 

8/30 

0 

70 

80 

210 

360 

9/16 

75 

160 

275 

25 

535 

9/14 

0 

220 

60 

0 

280 

9/30 

65 

45 

10 

30 

150 

9/29 

0 

950 

10 

0 

960 

10/14 

0 

25 

45 

0 

70 

10/14 

0 

17220 

0 

0 

17220 

11/16 

0 

40 

60 

0 

100 

11/11 

10 

90 

0 

0 

100 

12/16 

0 

0 

40 

0 

40 

12/13 

0 

40 

20 

0 

60 

Note:  BG  =  Blue-Greens;  G  =  Greens,  D  =  Diatoms,  F  =  Flagellates;  T  =  Total 
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Table  5.  Power  Cons'  rnption  and  Chemicals  Used  in  Eureka  Water  Treatment  Plant 


Items 

FY 

1981-82 

FY 

1982-83 

FY 

1983-84 

FY 

1984-85 

Electricity  for  wells,  103  kwh 

453.7 

— 

— 

— 

Electricity  for  the  plant,  103  kwh 

256.5 

192.7 

234.6 

242.0 

Lime,  tons 

336.3 

155.0 

181.6 

167.0 

Chlorine,  tons 

5.0 

6.4 

3.8 

2.6 

Fluoride,  tons 

1.8 

2.7 

2.8 

1.7 

Carbon  dioxide,  tons 

173.0 

55.8 

33.2 

33.2 

Alum,  tons 

— 

27.8 

37.5 

20.0 

Activated  carbon,  tons 

— 

0.8 

— 

— 

Finished  water,  million  gallons 

166.5 

169.0 

189.0 

198.0 

Table  6.  Comparison  of  the  Pre-  and  Post  Project  Operations  of  Eureka  Water 
Treatment  System 


Items 

FY 

1981-82 

FY 

1982-83 

FY 

1983-84 

FY 

1984-85 

Electricity  for  million  gallons, 

103  kwh 

4.3 

1.3 

1.2 

1.2 

*Cost  of  energy  and  chemicals  used 

91,730 

43,400 

42,060 

37,106 

*Cost  of  lake  management 

— 

1,200 

600 

930 

*Cost  per  million  gallons  treated 

551 

264 

226 

187 

*  Savings  due  to  lake  management 

47,130 

49,070 

54,624 

Savings  in  operating  cost  as 
percent  of  1981  operating  cost 

51.3 

53.5 

59.5 

Benefit/Cost  ratio 

39 

82 

59 

*Cost  in  1981  dollars 
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ABSTRACT 

Electrophoresis  of  an  extract  from  the  bulbourethral  glands  under  both  denatur¬ 
ing  and  non-denaturing  conditions  and  by  two  dimensional  electrophoresis  demon¬ 
strated  that  a  substantial  component  of  the  extract  is  a  glycoprotein.  This  bulbourethral 
glycoprotein  apparently  consists  of  a  single  polypeptide  and  has  a  molecular  weight 
of  40  kiloDaltons.  It  focuses,  in  an  isoelectric  field,  at  pH  5.2. 

INTRODUCTION 

The  bulbourethral  glands  are  male  sex  accessory  glands  and  are  present  in  most 
mammalian  orders  (Price  and  Williams- Ashman,  1961).  The  paired  rat  bulbourethrals 
are  mucous  glands.  Their  cells’  secretory  products  are  deposited,  by  exocytosis,  into 
acini  that  connect  to  a  single  duct.  The  duct  empties  directly  into  the  urethra  as  a 
result  of  muscular  contractions  (Gueze  and  Slot,  1976,  1978).  The  bulbourethral  secre¬ 
tion  contributes  to  the  general  composition  of  preputial  and  seminal  fluids. 

Hart  (1968),  Hart  and  Greenstein  (1968),  Beil  and  Hart  (1973),  and  Williams- 
Ashman  et  al.  (1977)  demonstrated  that  rat  bulbourethral  secretion  accelerates  the 
in  vitro  cross-linking  of  seminal  vesicle  secretory  proteins  by  coagulating  gland  trans¬ 
glutaminase  (EC  2.3.2.13).  They  suggested  that  this  acceleration  is  an  important  factor 
in  the  in  vivo  formation  of  the  vaginal  plug.  Williams-Ashman  et  al.  (1977,  1980) 
and  Williams-Ashman  (1984)  further  concluded  that  the  accelerating  effect  is  due 
to  the  conformational  modification  of  the  basic  protein  substrate  from  the  seminal 
vesicles  by  polyanionic  macromolecules  in  the  bulbourethral  secretion.  Hart  and 
Greenstein  (1968)  reported  that  the  rat  bulbourethral  secretion  contains  a  sialic  acid 
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rich  glycoprotein  and  proposed  that  this  is  the  active  bulbourethral  secretory  factor 
that  accelerates  semen  coagulation. 

The  experiments  reported  here  were  designed  to  identify  some  of  the  characteristics 
of  bulbourethral  glycoprotein(s)  using  electrophoretic  procedures. 

MATERIALS  AND  METHODS 

Preparation  of  Bulbourethral  Extract  (BUE) 

Male  Sprague-Dawley  retired  breeders  (purchased  from  Harlan  Sprague  Dawley 
Inc.  Indianapolis,  Ind.)  were  sacrificed  using  ether.  Bulbourethral  glands  were 
removed,  minced  with  scissors,  and  homogenized  in  50  mM  morphilinopropane  sul¬ 
fonic  acid  buffered  at  pH  7.4  and  containing  1  mM  ethylenediaminetetraacetic  acid. 
Homogenates  were  then  centrifuged  at  100,000g  for  60  minutes  at  5°C  in  a  Beck¬ 
man  model  L5-50B  ultracentrifuge.  The  pellet  was  discarded.  Two  volumes  of  ace¬ 
tone  (-5°C)  were  added  to  the  supernatant  fraction  while  stirring  over  ice  to 
precipitate  dissolved  proteins.  This  preparation  was  centrifuged  at  15,000g  for  15 
minutes  at  5°C  in  a  Beckman  model  J-21B  centrifuge.  The  pellet  was  washed  three 
times  with  acetone  (  -  5°C),  air-dried  overnight,  and  stored  over  desiccant  at  -  10°C. 

One  Dimensional  Gel  Electrophoresis  of  BUE 

This  was  accomplished  with  the  use  of  sodium  dodecyl  sulfate  polyacrylamide 
gel  electrophoresis  (SDS-PAGE)  according  to  a  method  described  by  Laemmli  (1970). 
The  gels  contained  12%  acrylamide  and  0.18%  N,N’-bis-acrylamide.  No  stacking 
gel  was  used. 

Two  Dimensional  Gel  Eectrophoresis  of  BUE 

This  procedure  was  conducted  according  to  a  method  described  by  Roberts  et 
al.  (1984). 

Gel  Staining 

The  following  staining  procedure  was  employed  in  order  to  identify  patterns  of 
general  protein  separation.  Tube  gels  and  second  dimension  slabs  were  placed  in 
isopropanol:  acetic  acid:  water  (10:10:80),  overnight  with  one  change,  to  fix  the  pro¬ 
tein  bands  and  to  dissolve  SDS  from  the  gels.  They  were  then  placed  in  methanol: 
acetic  acid:  water  (45:10:45)  containing  0.25%  Coomassie  brilliant  blue  R  for  two 
hours.  Finally,  gels  were  treated  with  successive  changes  of  methanol:  acetic  acid: 
water  to  dissolve  any  dye  that  was  not  bound  to  proteinaceous  material. 

To  specifically  stain  for  glycoproteins,  the  periodic  acid  Schiff  s  (PAS)  procedure, 
described  by  Fairbanks  et  al.  (1971),  was  used. 

Molecular  Weight  Determination 

The  molecular  weights  of  BUE  polypeptides  were  determined  by  comparing  their 
migration  patterns  with  the  migrations  of  known  molecular  weight  standards  pur¬ 
chased  from  Sigma  Chemical  Co. 


RESULTS 

Gel  A  in  figure  1  illustrates  the  pattern  of  polypeptide  banding  obtained  after 
one  dimensional  SDS-PAGE  of  whole  BUE.  This  gel  was  stained  with  the  general 
protein  stain,  Coomassie  brilliant  blue  R.  There  are  10  intensely  staining  polypep- 
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tide  bands  ranging  in  molecular  weight  from  approximately  120  to  approximately 
20  kiloDaltons  (kD). 

Gel  B  in  figure  1  is  a  duplicate  of  gel  A  and  was  stained  using  the  glycoprotein 
specific  PAS  procedure.  Only  the  polypeptide  band  with  the  approximate  molecular 
weight  of  40  kD  stained  positively  as  a  glycoprotein.  To  test  whether  the  PAS  stain¬ 
ing  procedure  causes  polypeptides  to  be  removed  from  the  gels,  a  PAS  stained  gel 
was  subjected  to  the  Coomassie  staining  regimen.  All  the  polypeptide  bands  on  the 
PAS  stained  gel  were  detectable  after  Coomassie  staining,  indicating  that  the  pattern 
seen  in  gel  B  is  the  result  of  a  specific  interaction  between  stain  and  polypeptide  rather 
than  the  result  of  elimination  of  other  polypeptide  bands  by  the  PAS  procedure. 

To  determine  whether  or  not  the  bulbourethral  glycoprotein  is  composed  of 
smaller  subunits  that  are  bound  together  by  difulfide  bonds,  BUE  was  dissolved  in 
sample  buffer  containing  1%  /3-mercaptoethanol  and  electrophoresed.  The  migra¬ 
tion  pattern  of  the  BUE  glycoprotein  remained  identical  to  that  seen  in  gel  A,  figure  1. 
Furthermore,  in  the  absence  of  either  of  the  denaturants,  SDS  and  mercaptoethanol, 
the  PAS  positive  polypeptide  migrated  just  behind  the  ion  front  and  near  the  anode. 
This  is  consistent  with  the  pattern  of  a  relatively  low  molecular  weight,  anionic 
macromolecule. 

In  order  to  study  the  electrofocusing  characteristics  of  the  BUE  glycoprotein  and 
to  test  further  the  possibility  of  more  than  one  glycoprotein  being  present  in  the  BUE, 
the  extract  was  subjected  to  two  dimensional  PAGE.  The  resulting  separation  pattern 
is  shown  in  figure  2.  This  gel  was  Coomassie  stained.  Several  spots  are  detectable. 
The  first  dimension  (left  to  right)  is  the  separation  using  isoelectric  focusing.  Polypep¬ 
tides  ranging  from  slightly  basic  to  highly  acidic  were  observed.  The  second  dimen¬ 
sion  (top  to  bottom)  is  a  separation  based  on  molecular  weight.  When  a  duplicate 
gel  was  stained  by  the  PAS  procedure,  only  the  large  polypeptide  spot  in  the  right 
center  of  the  figure  reacted  positively.  This  spot  electrofocuses  at  approximately  pH 
5.2,  and  its  molecular  weight  is  approximately  40  kD.  This  molecular  weight  value 
compares  favorably  with  that  for  the  PAS  positive  band  on  the  one  dimensional  gels. 

DISCUSSION 

The  evidence  presented  in  this  paper  supports  the  conclusion  that  there  is  one 
glycoprotein  with  a  molecular  weight  of  approximately  40  kD  in  BUE.  As  judged 
by  Coomassie  staining,  this  polypeptide  is  the  single  most  abundant  component  of 
the  BUE. 

The  BUE  glycoprotein’s  electrofocusing  profile  is  apparently  due  to  its  carbohy¬ 
drate  content.  Since  the  amino  acid  composition  is  not  known,  however,  it  is  not 
possible  to  say  to  what  extent  acidic  amino  acids  contribute.  Hart  (1971)  conducted 
an  amino  acid  analysis  of  a  bulbourethral  extract  that  was  also  prepared  by  acetone 
precipitation  and  reported  high  levels  of  both  aspartic  and  glumatic  acid  residues. 
If  these  acidic  amino  acids  are  in  the  BUE  glycoprotein  they  add  to  its  anionic  nature. 

The  presence  in  BUE  of  a  large  amount  of  anionic  proteinaceous  material  is  con¬ 
sistent  with  the  contentions  in  the  literature  that  a  polyanionic  factor  from  the  bul¬ 
bourethral  gland  is  responsible  for  accelerating  the  post-ejaculatory  formation  of  the 
vaginal  plug.  Conclusive  confirmation  of  this  proposal  requires  purification  of  the 
BUE  glycoprotein  and  addition  of  the  purified  product  to  an  in  vitro  reconstructed 
coagulation  system  such  as  described  by  Williams- Ashman  et  al.  (1977). 
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The  fact  that  mercaptoethanol  did  not  change  the  BUE  glycoprotein’s  migration 
pattern,  indicates  that  it  is  not  composed  of  smaller  polypeptide  subunits.  Moreover, 
its  migration  pattern,  in  the  absence  of  denaturants,  is  consistent  with  that  of  a  rela¬ 
tively  low  molecular  weight,  anionic  molecule,  that  is  not  a  subunit  of  a  larger  mole¬ 
cule.  It  is  likely  that  the  BUE  glycoprotein  is  secreted  in  the  form  that  was  detected 
in  these  studies. 

Efforts  to  purify  the  BUE  glycoprotein  are  currently  underway  in  this  labora¬ 
tory.  These  studies  should  determine  conclusively  whether  the  BUE  glycoprotein  plays 
a  role  in  the  clotting  acceleration  and  should  lead  to  a  better  understanding  of  the 
acceleration  mechanism. 
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Fig.  1.  One  dimensional  SDS-PAGE  of  BUE.  A)  Coomassie  brilliant  blue  R  stained  gel 
gel.  The  total  amount  of  BUE  electrophoresed  on  each  gel  was  50  /*g. 


B)  PAS  stained 
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Fig.  2.  Two  dimensional  PAGE  of  BUE.  Isoelectric  focus  separation  is  from  left  to  right  and  SDS-PAGE 
separation  is  from  top  to  bottom.  The  lane  of  bands  on  the  left  side  of  the  figure  represents 
the  migrations  of  molecular  weight  markers.  The  total  BUE  used  was  50  /tg. 
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ABSTRACT 

Seasonal  use  of  an  area  in  northwestern  Illinois  by  river  otters  was  investigated 
October  1982  —  June  1983.  Seasonal  fluctuations  in  use  of  features  and  habitat  com¬ 
ponents  were  associated  with  Mississippi  River  stages,  locations  of  suitable  dens/resting 
sites,  food  availability,  and  distribution  of  open  water  in  winter.  Periodic  flooding 
inundated  dens  and  minimized  sites  suitable  for  denning,  but  provided  an  abundance 
of  fish.  The  study  area  demonstrated  promise  of  habitat  manipulation  as  a  manage¬ 
ment  tool  to  enhance  suitable  habitats.  Historic  otter  use  was  rare  until  a  levee  con¬ 
struction  project  resulted  in  unplanned,  but  effective  improvements.  Otter  mobility 
must  be  considered  in  management  planning.  Populations  in  proximity  to  political 
boundaries  require  interstate  collaboration  for  effective  management. 

INTRODUCTION 

River  otter  ( Lutra  canadensis)  populations  are  stable  or  increasing  in  portions 
of  their  historic  range,  but  are  rare  or  extirpated  throughout  much  of  the  Midwest 
(Toweill  and  Tabor  1982).  Otters  have  been  protected  in  Illinois  by  a  continuous 
closed  season  since  1929;  they  were  listed  as  a  “threatened”  species  in  1974  under 
provisions  of  the  Illinois  Endangered  Species  Protection  Act  of  1972.  Current  evi¬ 
dence  indicates  a  sporadic  occurrence  throughout  much  of  Illinois,  but  the  major  por¬ 
tion  of  the  population  occurs  along  the  Mississippi  River  from  the  Wisconsin  border 
to  just  north  of  Rock  Island,  IL  (Anderson  1982). 

Anderson  and  Woolf  (1984)  identified  and  characterized  areas  of  “critical”  otter 
habitat  along  and  near  the  Mississippi  from  the  Wisconsin  border  south  to  River  Mile 
246.  An  example  of  identified  critical  habitat  was  chosen  to  validate  that  designation 
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and  determine  seasonal  use  October  1982  —  June  1983.  This  report  summarizes  find¬ 
ings  from  the  latter  objective. 


STUDY  AREA 

A  220  ha  area  (Fig.  1)  with  5  lakes  immediately  below  Mississippi  River  Lock 
and  Dam  13  north  of  Fulton  in  Whiteside  County,  IL  was  selected  for  intensive  study. 
Prior  to  1962,  Lake  4  was  a  narrow  ditch  draining  farmland  to  the  east.  The  land- 
owner  excavated  land  bordering  the  ditch  in  1962  creating  the  shallow  (about  1  m 
or  less)  lake  and  the  existing  shoreline.  In  1976,  a  4  year  project  was  begun  to  con¬ 
struct  a  levee  through  the  area  as  part  of  a  Mississippi  River  flood  control  project. 
Portions  of  Lakes  3,  4  and  5  were  used  as  borrow  pits  creating  present  maximum 
lake  depths  of  4.3,  9.1  and  7.0  m  for  Lakes  3,  4  and  5,  respectively.  Lakes  1  and 
2  remained  shallow  (maximum  1  m  depths).  Shallow  water  areas  supported  dense 
stands  of  emergent  vegetation,  primarily  cattail  ( Typha  latifolia)  and  smartweeds 
(Polygonum  sp.). 

The  southern  extension  of  the  levee  utilized  an  abandoned  railroad  bed  as  the 
foundation.  Bordering  mixed  hardwood  trees,  some  averaging  more  than  6  m  in 
height,  were  cut  and  placed  into  large  piles  (8-12  m  wide)  along  the  lake  shores  (Fig.  1) . 
The  area  is  now  predominately  mixed  lowland  hardwoods,  principally  silver  maples 
(Acer  saccharinum)  and  scattered  cottonwoods  (Populus  deltoides). 


METHODS 

Beginning  12  October  1982,  frequent,  and  often  daily  searches  were  conducted 
along  all  riparian  habitats  to  detect  otter  tracks,  haul-outs,  dens,  scats,  or  other  field 
signs.  On  occasions  when  complete  searches  were  not  made,  previously  used  dens 
and  haul-outs  were  visited  to  determine  continuity  of  use.  Use  of  an  area  was  inferred 
from  the  presence  of  scats,  tracks,  and  occupied  dens.  Scats  were  collected  when  found 
and  their  number  and  location  used  to  estimate  relative  use  of  different  portions  of 
the  area  and  to  compare  seasonal  use  of  the  5  lakes,  Johnson  Creek  and  the  Mississippi 
river  shoreline. 

Tracking  in  snow  supplemented  systematic  searches  of  riparian  areas.  Otter  foot¬ 
prints  in  snow  and  mud  were  measured  in  an  attempt  to  classify  sex  and  age  (Stevens 
1957)  and  determine  minimum  numbers  of  otters  on  the  area  at  a  point  in  time. 


RESULTS 


Fall  Habitat  Use 

Several  otters  were  using  the  study  area  in  October  1982.  Fresh  scats  were  found 
at  haul-outs  located  on  log  piles  near  Lake  4  (see  Fig.  1);  1  otter  was  sighted.  A  fisher¬ 
man  sighted  3  otters,  believed  to  be  a  family  group,  in  late  October.  A  minimum 
of  3  otters  remained  on  the  study  area  until  28  November  when  a  juvenile  male,  prob¬ 
ably  of  the  family  group,  was  accidentally  caught  by  a  trapper  on  Lake  3.  Scat  evi¬ 
dence  (Table  1)  indicated  Lake  4  was  the  center  of  activity  during  October  and 
November  with  over  75%  of  all  scats  collected  there.  Lakes  1,  3  and  5  received  little 
use;  other  areas  had  no  detected  use. 
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Winter  Habitat  Use 

Several  otters  continued  to  use  the  study  area  during  winter.  On  4  February, 
1  solitary  and  2  paired  sets  of  tracks  were  observed.  Measurements  suggested  the  soli¬ 
tary  set  (9.8  cm  rear  track  width)  was  likely  that  of  an  adult  male,  while  the  pair 
(8.2  and  7.3  cm  rear  track  widths)  probably  represented  a  female  and  her  pup. 
Presumably,  this  pair  was  the  remainder  of  the  family  group  that  occupied  the  area 
in  Fall.  Otters  frequently  moved  between  the  lakes,  creek  and  river  throughout  win¬ 
ter.  Dens  were  found  in  log  piles  on  Lakes  3  and  4  and  abandoned  beaver  ( Castor 
canadensis)  bank  dens  along  Johnson  Creek  and  Lakes  1  and  2. 

Use  of  Lake  4,  the  most  used  area  in  Fall,  declined  sharply  through  December 
into  January  when  only  2%  of  the  scats  occurred  there.  Notable  increases  in  use  of 
Lake  3  and  Johnson  Creek  occurred  during  January,  the  occurrence  of  scats  was  38% 
and  47  % ,  respectively  (Table  1).  February  activity  on  Johnson  Creek  declined  to  8% 
while  it  increased  to  48%  on  Lake  3.  Otter  activity  on  Lakes  1  and  2  (both  shallow 
lakes)  peaked  in  December  at  34%  frequency  of  scat  occurrence,  but  remained  at 
low  levels  (5%  or  less)  during  other  winter  months  (Table  1).  Winter  activity  on  Lakes 

3  and  4  (both  deep  lakes)  was  greater  than  all  areas  except  Johnson  Creek  during 
January. 

Spring  Habitat  Use 

On  1  March,  an  adult  male  was  live-trapped  on  the  shore  of  Lake  3  (Anderson 
and  Woolf  1984).  Radio-telemetry  revealed  he  left  the  area  shortly  after  release  on 

4  March.  Following  a  10-12  cm  snowfall  in  late  March,  6  sets  of  otter  tracks  were 
observed;  1  solitary  and  groups  of  2  and  3  individuals.  The  single  otter  was  presumed 
an  adult  male  (rear  track  width  9.5  cm);  the  group  of  2  may  have  been  the  family 
present  since  Fall.  The  group  of  3  consisted  of  similar  sized  otters  based  on  rear  track 
widths  of  7.6,  8.2  and  8.2  cm.  A  male  captured  on  15  April  (Anderson  and  Woolf 
1984)  left  the  study  area  shortly  after  radio  implantation  and  release.  These  records 
indicate  at  least  7  otters  used  the  area  at  some  time  during  Spring. 

The  group  of  2  utilized  an  abandoned  beaver  bank  den  along  Johnson  Creek. 
The  3  otters  denned  at  2  sites  in  log  piles  along  the  north  shore  of  Lake  5.  Tracking 
revealed  the  groups  maintained  spatial  separation  of  den  areas  throughout  most  of 
April.  During  the  same  period,  the  solitary  otter  ranged  throughout  the  study  area. 
Decline  in  activity  was  noted  in  early  April  around  the  den  site  used  by  the  pair, 
but  continuous  activity  was  noted  at  the  other  group’s  den  sites  until  6  May.  After 
this  date,  tracks  of  only  1  otter  were  found. 

Scat  evidence  (Table  1)  supported  track  data  indicating  use  peaked  in  March  when 
158  scats  were  collected.  Otters  mainly  used  Lakes  3-5  and  Johnson  Creek;  Lake  4 
had  the  highest  monthly  occurrence  of  scats  (42%,  Table  1).  In  April,  activity  was 
less  concentrated  as  evidenced  by  increased  use  of  Lakes  1  and  2  and  a  corresponding 
decreased  use  of  Lakes  3-5.  Use  of  Lakes  3  and  5  and  Johnson  Creek  increased  in 
May  (Table  1).  From  March  through  May,  the  Mississippi  River  border  of  the  study 
area  received  little  use  as  evidenced  by  monthly  scat  occurrences  of  2%  or  less. 

Summer  Habitat  Use 

Tracks  indicated  1  otter  remained  on  the  study  area  in  June;  but,  by  21  June, 
the  last  day  of  field  surveys,  no  sign  of  otter  activity  was  found.  Scat  data  provided 
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similar  evidence  of  declining  use;  only  16  were  found.  Tracking  indicated  the  single 
otter  wandered  throughout  the  study  area. 

DISCUSSION 

We  are  aware  detection  of  scats  may  be  biased  by  climatic,  seasonal,  behavioral, 
or  other  factors  such  as  habitat  characteristics.  However,  it  is  believed  frequent,  sys¬ 
tematic  searches  for  scats  produced  a  valid  indicator  or  seasonal  intensity  and  shifts 
in  use  of  components  of  the  study  area.  Tracking  during  snow  cover  revealed  little 
use  of  other  than  riparian  areas  except  for  travel  between  them.  These  data  also  sub¬ 
stantiated  seasonal  shifts  in  use  inferred  from  scats.  It  was  not  possible  to  determine 
absolute  numbers  of  otters  present  at  any  one  time;  but,  minimum  numbers  were 
derived  and  provided  evidence  of  seasonal  shifts  in  numbers  of  animals  using  the  area. 
Choice  of  den  sites  and  haul-outs  were  clearly  evidenced  by  scats  and  use  of  different 
areas  at  different  times  suggested  habitat  features  important  to  otters. 

The  log  piles  along  Lakes  3-5  were  key  habitat  components  as  evidenced  by  their 
frequent  use  as  haul-outs  and  dens.  Radio  telemetry  work  in  Idaho  by  Melquist  et 
al.  (1981)  also  revealed  extensive  otter  utilization  of  log  jams  for  denning  and  forag¬ 
ing.  The  importance  of  log  piles,  natural  or  man-made,  seems  more  than  a  site  specific 
characteristic. 

An  important  characteristic  of  otter  habitat  associated  with  large  rivers  may  be 
isolation  from  the  main  channel.  The  study  area’s  isolation  from  the  main  channel 
of  the  Mississippi  River  resulted  in  less  severe  water  level  fluctuations  and  improved 
water  clarity.  During  October  and  November,  little  use  of  Lakes  1  and  2,  Johnson 
Creek,  and  the  Mississippi  River  seemed  associated  with  high  water  which  caused 
a  noticeable  and  negative  impact  on  water  clarity.  Further,  when  high  water  inundated 
portions  of  these  areas,  secure  den  sites  were  restricted  or  eliminated.  Melquist  et 
al.  (1981)  noted  that  otter  den  site  selection  was  related  to  food  availability;  suitable 
den  sites  were  those  close  to  foraging  areas.  Our  findings  reflect  a  similar  importance 
of  secure  den  sites  as  a  component  of  quality  otter  habitat. 

As  ambient  temperatures  fell  in  January  and  February,  the  importance  of  open 
water  became  apparent  and  had  the  greatest  influence  on  winter  habitat  selection. 
Foraging  was  evident  only  in  open  water  areas.  The  total  ice  coverage  of  Lake  4 
and  the  open  water  along  Johnson  Creek  and  on  Lake  3  appeared  to  cause  simul¬ 
taneous  decline  of  activity  on  Lake  4  and  notable  increases  on  Lake  3  and  Johnson 
Creek  during  January  (Table  1).  Melquist  and  Hornocker  (1983)  also  found  streams 
with  open  water  were  preferred  winter  habitat;  others  have  reported  otters  will  travel 
some  distance  to  reach  open  water  (Erlinge  1967,  Park  1971,  Rottorff  et  al.  1976). 

Open  water  alone  may  not  make  all  portions  of  a  stream  suitable  winter  habi¬ 
tat.  Although  Johnson  Creek  remained  open  through  much  of  winter  1983,  use  was 
evident  only  when  other  areas  became  ice  covered.  Johnson  Creek  is  a  rather  sterile 
stream  having  primarily  a  sand/silt  bottom  and  water  depths  of  about  0.25  m  along 
all  but  the  lower  1.0  km.  During  both  1982  and  1983,  otter  use  was  concentrated 
in  this  latter  portion. 

Spring  habitat  selection  appeared  to  be  influenced  by  river  stage  and  food  avail¬ 
ability.  Levels  in  Spring  were  high,  and  for  a  period  the  study  area  within  the  levee 
system  was  inundated  with  few  exceptions.  The  high  water  eliminated  most  suitable 


Ill 


den  sites,  including  the  log  piles  along  Lake  3  and  4.  As  water  levels  increased,  otters 
abandoned  flooding  dens. 

Despite  high  river  stages  in  March  limiting  den  availability,  use  of  the  study  area 
increased  to  its  highest  level.  This  likely  was  in  response  to  food  availability  as  indicated 
by  haul-out  locations.  Large  numbers  of  fish,  especially  carp  ( Cyprinus  carpio),  were 
observed  passing  through  shallow,  inundated  areas  adjoining  the  lakes  and  creeks. 
Otters  were  attracted  to  the  supply  of  fish  and  selected  dens  and  resting  areas  in  close 
proximity.  In  Idaho,  Melquist  and  Hornocker  (1983)  noted  a  similar  concentration 
of  otters  around  fish  spawning  areas.  Further,  they  indicated  although  food  had  the 
greatest  influence  on  habitat  use,  adequate  nearby  shelter  was  essential  to  promote 
extensive  use. 

During  April  and  May  as  water  levels  dropped  and  the  shallow  inundated  areas 
disappeared  use  declined.  Most  otters  probably  moved  to  nearby  marshes  and  back¬ 
water  sloughs  not  suitable  during  fall  and  spring  high  water,  or  during  ice  coverage 
in  winter.  Melquist  and  Hornocker  (1983)  believed  mudflats,  marshes  and  backwater 
sloughs  were  important  summer  habitats,  especially  to  family  groups. 

MANAGEMENT  IMPLICATIONS 

The  study  area  illustrated  the  feasibility  of  habitat  manipulation  to  encourage 
otter  use.  Historic  otter  use  was  evident  from  records  (Anderson  1982),  but  seem¬ 
ingly  was  sporadic  and  at  a  low  level.  Following  completion  of  the  levee  in  1980, 
otters  reportedly  denned  near  Lake  3.  Six  were  observed  in  October  1981,  the  most 
known  over  30  years  by  the  resident  landowner  (C.  Jacobs,  pers.  comm.).  We  specu¬ 
late  increased  use  was  due  to  unplanned,  but  effective  habitat  improvements  as  a 
consequence  of  levee  construction.  Deepening  of  Lakes  3-5  through  dredging  proba¬ 
bly  resulted  in  a  larger,  more  diverse  fish  population;  both  commercial  and  recrea¬ 
tional  fishing  support  this  contention.  Proximity  to  the  river  allowed  a  natural 
restocking  of  fishes  during  high  water.  The  deposition  of  trees  removed  during  levee 
construction  into  log  piles  provided  ideal  dens  and  their  placement  in  shallow  water 
served  as  fish  attractors  and  provided  quality  foraging  sites. 

Construction  of  levees  around  even  small  areas  of  potential  habitat  would  improve 
conditions  for  otters  and  permit  management  of  water  levels.  However,  careful  plan¬ 
ning  is  needed  to  preclude  or  minimize  damage  to  existing  riparian  habitats  when 
implementing  enhancement  efforts. 

However,  habitat  enhancement  alone  may  not  suffice  to  increase  otter  popula¬ 
tions.  Anderson  (1982)  and  this  study  revealed  use  of  an  area  was  not  consistent; 
individuals  and  groups  moved  frequently  from  areas  that  seemingly  were  meeting 
food  and  shelter  needs.  Clearly,  mobility  exceeded  size  of  disconnected  patches  of 
suitable  habitats.  We  presume  otter  populations  of  the  upper  Mississippi  River  and 
adjacent  waters  in  Illinois  are  contiguous  with,  and  may  be  augmented  by  those  in 
Wisconsin.  Populations  in  northeastern  Iowa  cannot  be  separated  from  those  using 
Illinois  habitats.  Political  boundaries  must  be  ignored  and  populations  managed  with 
a  large  measure  of  interstate  collaboration  of  effort  and  consensus  of  objectives. 
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Fig.  1.  River  otter  study  area  north  of  Fulton,  Whiteside  County,  Illinois. 
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ABSTRACT 

A  study  was  conducted  to  determine  river  otter  food  habits  in  northwestern  Illinois 
on  seasonal  and  habitat  specific  bases.  Based  on  scat  analysis,  fish  dominated  utiliza¬ 
tion  each  season  and  occurred  in  98%  of  scats  collected.  Centrarchidae  (sunfishes), 
Cyprinidae  (minnows  and  carps),  Clupeidae  (herrings),  and  Percichthyidae  (tem¬ 
perate  basses)  occurred  in  50%,  40%,  37%,  and  16%  of  all  scats,  respectively. 
Amphibians  (frogs)  and  crustaceans  (crayfish)  each  occurred  in  10%  of  the  scats. 
Insects  and  birds  were  identified  in  3%  and  2%  of  all  scats,  respectively.  Notable 
differences  in  frequency  of  occurrence  of  the  different  food  items  were  evident  when 
the  data  were  analyzed  per  location.  Fish  survey  data  suggested  otters  take  fish  in 
proportion  to  availability. 

River  otter  (Lutra  canadensis)  diets  have  been  studied  in  representative  areas  of 
their  extensive  range.  According  to  Toweill  and  Tabor  (1982),  fishes  were  the  major 
dietary  item.  Melquist  et  al.  (1981),  Melquist  and  Hornocker  (1983),  and  Larson  (1984) 
substantiated  the  importance  of  fish  in  the  otter  diet. 

Melquist  and  Hornocker  (1983:26)  noted  “an  understanding  of  the  temporal  rela¬ 
tionships  of  predators  and  their  prey  is  important  in  identifying  potential  limiting 
factors.”  We  concur  and  conducted  this  study  to  determine  otter  food  habits  in  north¬ 
western  Illinois  on  seasonal  and  habitat  specific  bases.  Studies  were  part  of  a  broader 
effort  to  determine  critical  habitats,  habitat  use,  and  possible  factors  limiting  otters, 
which  are  listed  as  “threatened”  in  Illinois  (Thom  1981). 
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STUDY  AREA  AND  METHODS 

The  principal  study  area  was  a  220  ha  site  in  Whiteside  County  north  of  Fulton, 
IL  immediately  downstream  from  Mississippi  River  Lock  and  Dam  13.  Scats  (n  =  822) 
were  collected  from  the  study  area  November  1981  —  February  1982  and  October 
1982  —  June  1983.  An  additional  101  scats  were  collected  from  three  other  sites  along 
the  Mississippi  River  in  northwestern  Illinois  and  eastern  Iowa  February  1982  —  June 
1983. 

Collection  on  the  principal  study  area  were  during  frequent,  often  daily,  visits; 
hence,  most  were  fresh  and  approximate  time  of  deposition  known.  Collection  from 
the  other  sites  were  sporadic.  Scats  were  placed  in  individual  plastic  bags,  stored  in 
a  freezer,  and  then  air  dried  in  paper  cups  before  analysis.  Prey  remains  were  identi¬ 
fied  according  to  Lagler’s  (1947)  criteria.  Amphibians,  crustaceans,  and  insects  were 
readily  identifiable  without  keys. 

All  remains  in  a  scat  were  considered  a  single  occurrence.  Data  were  tabulated 
by  frequency  of  occurrence  on  a  seasonal  and/or  location  basis. 

RESULTS  AND  DISCUSSION 

Fish  dominated  utilization  each  season  and  occurred  in  98%  of  scats  from  the 
principal  study  area  (Table  1).  At  least  8  families  were  represented  with  Centrarchi- 
dae  (sunfishes),  Cyprinidae  (minnows  and  carps),  Clupeidae  (herrings),  and  Per- 
cichthyidae  (temperate  basses)  occurring  in  50% ,  40% ,  37  %  ,  and  16%  of  all  scats, 
respectively.  Next  in  importance  were  amphibians  (frogs)  and  crustaceans  (crayfish), 
each  occurred  in  10%  of  the  scats.  Insects  and  birds  were  identified  in  3%  and  2% 
of  all  scats,  respectively.  Trace  amounts  of  otter  hair  found  in  many  scats  probably 
originated  from  grooming. 

Notable  differences  in  frequency  of  occurrence  of  the  different  food  items  were 
evident  when  the  data  were  analyzed  per  location  (Anderson  and  Woolf  1984).  Fish 
were  the  dominant  food  item  at  all  locations.  However,  at  Lake  1,  crustaceans 
occurred  in  35  %  of  the  scats  from  one  location  and  33  %  of  the  scats  from  another 
location  contained  remains  of  amphibians.  Centrarchidae,  Cyprinidae,  Clupeidae, 
and  Percichthyidae  were  the  prevalent  species  of  fish  ingested  at  all  locations;  how¬ 
ever,  order  of  importance  varied  depending  on  location.  Analysis  of  101  additional 
otter  scats  from  other  areas  along  the  Mississippi  River  indicated  similar  variation 
depending  on  collection  site  (Anderson  and  Woolf  1984). 

Based  on  limited  fish  survey  data  (Anderson  and  Woolf  1984),  otters  appeared 
to  take  fish  in  proportion  to  availability.  Direct  correlation  between  abundance  of 
specific  families  occurring  at  a  given  site  and  frequency  of  occurrence  in  scats  from 
the  same  site  was  not  evident.  However,  Centrarchidae,  Clupeidae,  Cyprinidae,  and 
Percichthyidae  were  most  abundant  and  accounted  for  30% ,  27%  ,  17%  ,  and  11  % 
of  the  fish  collected  from  the  study  area,  respectively.  Results  of  these  surveys  also 
indicated  species  of  fish  that  were  principal  prey  of  otters,  specifically:  bluegill 
(Lepomis  macrochirus) ,  gizzard  shad  (( Dorosoma  cepedianum ),  common  carp  ( Cypri - 
mis  carpio),  and  white  bass  (. Morone  chrysops). 

Our  findings  are  analogous  to  otter  food  habits  summarized  by  Toweill  and  Tabor 
(1982).  Prey  diversity  and  abundance  do  not  appear  limiting  to  the  small  and  scat¬ 
tered  otter  populations  inhabiting  the  Mississippi  River  and  associated  habitats  in 
northwestern  Illinois. 
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Table  1.  Number  of  occurrences  and  frequency  of  occurrence  to  nearest  percent  per  season  of  food  items  in  822  otter  scats 
collected  from  the  principal  study  area  north  of  Fulton,  Illinois;  November  1981  —  February  1982  and  October  1982 
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ABSTRACT 

Helminths  were  recovered  from  12  (12%)  of  100  deer  mice  (Peromyscus  manicula¬ 
tus)  and  26  (24%)  of  109  white-footed  mice  ( P .  leucopus)  collected  in  16  counties 
of  southern  Illinois.  Helminths  from  deer  mice  included  Choanotaenia  peromysci 
(7.0%),  Hymenolepis  bennetti  (2.0%),  Postharmostomum  helicis  (1.0%),  Physalop¬ 
tera  sp.  (1.0%),  Rictularia  color adensis  (1.0%)  and  Moniliformis  clarki  (1.0%). 
Hymenolepis  bennetti  (1.8%),  Physaloptera  sp.  (4.6%),  and  Rictularia  coloradensis 
(20.0%)  occurred  in  white-footed  mice.  C.  peromysci  and  R.  coloradensis  revealed 
a  high  degree  of  host-specificity  and  along  with  Physaloptera  showed  some  degree 
of  habitat  dependence.  Infection  rates  were  highest  during  the  summer.  Thirteen 
(65%)  of  20  southern  short-tailed  shrews  ( Blarina  carolinensis)  were  infected  with 
Cryptocotylepis  anthocephalus  (40.0%),  Rrachylaima  thompsoni  (20.0%),  Panopistus 
pricei  (15.0%),  Capillaria  sp.  (15.0%),  Porrocaecum  ensicaudatum  (10.0%)  and  Por- 
racaecum  sp.  (10.0%). 


INTRODUCTION 

It  is  well  known  that  the  deer  mouse,  Peromyscus  maniculatus ,  is  host  to  a  large 
number  of  parasites,  many  of  which  infect  other  rodents.  Grundmann  and  Frandsen 
(1959,  1960)  have  shown  that  P.  maniculatus ,  with  its  wide  distribution  and 
omnivorous  diet,  is  responsible  for  distributing  parasites  to  all  habitats  and  localities. 
Where  parasitic  species  are  not  host  specific,  deer  mice  maintain  and  spread  them 
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to  isolated  and  restricted  populations  of  other  rodent  species.  Geographic  distribu¬ 
tion  records  of  the  helminths  of  P.  maniculatus  in  North  America  prior  to  1953  have 
been  summarized  in  four  reports  by  Doran  (1954a, b;  1955a, b)  and  continued  there¬ 
after  up  to  1967  by  Dyer  (1969). 

Although  the  biology  and  habitat  of  Peromyscus  maniculatus  and  the  white-footed 
mouse,  P.  leucopus  in  southern  Illinois  have  been  investigated,  information  on  their 
helminth  fauna  is  lacking.  It  is  of  zoological  interest  to  have  a  knowledge  of  the  para¬ 
sitic  fauna  of  wild  mammals  in  any  region.  A  survey  of  the  helminth  parasites  of 
these  rodents  may  provide  insight  to  parasitism  in  other  rodent  populations  as  well. 
Further,  a  comparison  of  the  helminth  fauna  of  these  species  with  that  of  the  south¬ 
ern  short-tailed  shrew,  Blarina  carolinensis ,  which  is  sympatric  throughout  most  of 
the  range  of  Peromyscus  in  southern  Illinois,  could  add  to  our  knowledge  of  parasitic 
distribution  in  this  region.  Finally,  Peromyscus  is  known  to  harbor  the  larval  stage 
of  Echinococcus  multilocularis ,  the  etiological  agent  of  hydatid  disease  in  humans. 
An  examination  of  these  species  for  this  tapeworm  would  contribute  to  our  knowl¬ 
edge  of  the  geographic  distribution  of  this  parasite  in  the  contiguous  United  States. 

MATERIALS  AND  METHODS 

A  total  of  209  mice,  including  100  Peromyscus  maniculatus  and  109  P.  leucopus, 
trapped  in  16  counties  in  southern  Illinois,  was  examined  for  helminths  (Figure  1). 
Sixty-one  mice  were  collected  from  a  reclaimed  strip-mine  site  in  St.  Clair  County 
during  March  and  November,  1983,  and  March  and  April,  1984,  while  148  mice 
were  collected  from  old-field  habitats  from  May  through  December,  1985  in  coun¬ 
ties  south  of  and  including  Franklin,  Gallatin,  Hamilton,  Perry,  and  Randolph. 
Accompanying  the  latter  sample  were  20  Blarina  carolinensis.  Species  of  Peromyscus 
were  differentiated  on  the  basis  of  body  color,  degree  of  bicoloration  of  the  tail,  length 
of  tail  relative  to  body  size,  and  length  and  width  of  the  hind  foot. 

Trematodes,  cestodes,  and  acanthocephalans  were  fixed  in  alcohol-formalin-acetic 
acid  solution  (AFA)  and  stored  in  70%  ethanol  until  staining.  Specimens  were  stained 
with  either  Grenacher’s  alcoholic  borax  carmine  or  Harris'  hematoxylin,  dehydrated, 
cleared  in  beech  wood  creosote  and  mounted  in  Canada  balsam.  Nematodes  were 
fixed  in  steaming  acetic  alcohol,  cleared  in  glycerine  and  studied  in  temporary  mounts. 
Liver  tissue  was  fixed  in  AFA,  embedded  in  paraffin,  sectioned  on  a  microtome  at 
8  u,  stained  with  hematoxylin-eosin,  and  examined  for  the  presence  of  hydatid  cysts. 

Notations  for  deposited  specimens  of  helminths  are:  USNM  Helm.  Coll,  for  the 
United  States  National  Museum  Helminthological  Collection,  United  States  Depart¬ 
ment  of  Agriculture,  Beltsville,  Maryland. 

RESULTS  AND  DISCUSSION 

Twelve  (12%)  of  100  Peromyscus  maniculatus  and  26  (24%)  of  109  P.  leucopus 
were  infected  with  one  or  more  species  of  helminths,  including  one  species  of  trema- 
tode,  two  species  of  cestodes,  two  species  of  nematodes,  and  one  species  of  acan- 
thocephala.  The  prevalence,  mean  intensity,  and  range  of  each  parasite  recovered 
are  listed  in  Table  1. 

One  of  7  P.  J7ianiculatus  infected  with  Choanotaenia  peromysci  contained  20 
tapeworms  so  tightly  packed  in  the  small  intestine  that  mechanical  blockage  proba- 
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bly  restricted  normal  activity  of  this  organ.  Hansen  (1950)  reported  a  similar  situa¬ 
tion  involving  an  infection  of  a  prairie  vole,  Microtus  ochrogaster ,  with  Choanotaenia 
nebraskensis.  C.  peromysci  has  previously  been  reported  in  P.  maniculatus  from  Min¬ 
nesota  (Erickson,  1938),  Nebraska  (Hansen,  1950),  Alberta  (Lubinsky,  1957),  and 
Colorado  (Leiby,  1961).  Its  occurrence  in  P.  maniculatus  in  southern  Illinois  consti¬ 
tutes  a  new  locality  record.  Representative  specimens  have  been  deposited  in  USNM 
Helm.  Coll.,  No.  79091.  It  was  not  detected  in  any  of  the  109  P.  leucopus  examined. 

An  analysis  for  host  specificity  revealed  a  significant  difference  (x2  =  7.88, 
P<0.01)  between  hosts  for  Choanotaenia  peromysci  (Table  2).  Of  the  two  habitats 
investigated,  reclaimed  strip-mine  and  old  field  areas,  C.  peromysci  was  found  only 
in  deer  mice  from  strip-mine  areas  (Table  3),  indicating  that  perhaps  strip-mines  pro¬ 
vide  a  more  suitable  environment  for  the  intermediate  host.  Because  the  food  habits 
of  P.  maniculatus  and  P.  leucopus  are  similar,  it  appears  probable  that  the  latter 
would  also  be  infected  with  this  tapeworm  had  it  also  been  collected  from  the  same 
area.  However,  white-footed  mice  prefer  more  mature  habitats  and  are  rarely  if  ever 
taken  on  newly  reclaimed  areas.  Perhaps  experimental  infection  is  needed  to  resolve 
the  question  of  host  specificity. 

The  other  tapeworm  detected  in  this  study  was  Hymenolepis  bennetti  which 
occurred  in  low  incidence  in  both  P.  maniculatus  and  P.  leucopus  (Table  1).  Our 
specimens  match  the  description  of  this  tapeworm  given  by  Freeman  (1960)  for  speci¬ 
mens  found  in  the  woodland  jumping  mouse  ( Napaeozapus  insignis  algonquinensis) 
from  Ontario.  This  parasite  was  detected  in  animals  trapped  from  both  strip-mine 
and  old  field  areas  (Table  3).  Neither  habitat  nor  host  species  appeared  to  have  an 
effect  on  the  prevalence  of  H.  bennetti.  Either  the  intermediate  host  (probably  a  beetle) 
has  a  wide  geographic  distribution,  two  or  more  intermediate  hosts  occur  in  differ¬ 
ent  habitats,  or  both.  Further,  H.  bennetti  does  not  appear  to  be  host  specific  to  either 
species  of  Peromyscus  (Table  2).  This  tapeworm  in  Peromyscus  in  southern  Illinois 
constitutes  a  new  locality  record.  Representative  specimens  have  been  deposited  in 
USNM  Helm.  Coll.,  No.  79092. 

Postharmostomum  helicis  was  the  only  fluke  detected.  A  single  specimen  was 
recovered  in  the  caecum  of  one  P.  jnaniculatus  (Table  1)  trapped  in  an  old-field  area 
(Table  3).  This  trematode  is  infrequently  reported  from  populations  of  Peromyscus. 
Southern  Illinois  constitutes  a  new  locality  record.  The  specimen  has  been  deposited 
in  USNM  Helm.  Coll.,  No.  79089. 

Larvae  of  Physaloptera  sp.  were  recovered  from  both  species  of  Peromyscus  (Table 
1).  Larvae  of  Physaloptera  have  previously  been  reported  in  deer  mice  from  Colorado 
by  Dyer  and  Olsen  (1967).  No  significant  difference  in  host  specificity  was  detected 
(Table  2).  Infections  were  found  in  only  those  mice  trapped  in  old  field  habitats. 

Rictularia  coloradensis  was  recovered  from  the  small  intestines  of  both  P. 
maniculatus  and  P.  leucopus.  It  has  previously  been  reported  in  Peromyscus  sp.  from 
North  Carolina  (Harkema,  1936),  Maryland  and  Wisconsin  (Tiner,  1948),  Arizona 
(Kruidenier  and  Peebles,  1957),  Utah  (Grundmann  and  Frandsen,  1959,  1960;  Frand- 
sen  and  Grundmann,  1961),  and  Idaho  (Leiby,  1962).  Only  mice  collected  from  old 
field  habitats  were  infected.  Rictularia  coloradensis  appears  to  be  both  host-specific 
(Table  2)  and  habitat  dependent  (Table  3).  Southern  Illinois  constitutes  a  new  local¬ 
ity  record.  Representative  specimens  have  been  deposited  in  USNM  Helm.  Coll.,  No. 
79094. 
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Monoliformis  clarki  was  the  only  acanthocephalan  detected.  A  single  specimen 
was  found  in  the  small  intestine  of  one  P.  maniculatus.  This  species  has  previously 
been  reported  in  P.  maniculatus  from  Utah  (Grundmann  and  Frandsen,  1959,  1960; 
Frandsen  and  Grundmann,  1961)  and  Colorado  (Leiby,  1961). 

The  number  of  mice  infected  with  each  helminth  per  season  (Table  4)  and  the 
percent  of  mice  infected  during  spring,  summer,  and  winter  (Figure  2)  shows  a  cer¬ 
tain  degree  of  seasonal  variation,  with  infection  rates  being  highest  in  the  summer. 
Food  items  available  to  Peromyscus  vary  from  season  to  season.  Those  that  serve  as 
intermediate  hosts  for  the  helminths  (i.e.,  beetles,  roaches,  snails)  are  more  available 
in  the  summer  and  early  fall.  Hence,  the  prevalence  of  infections  should  be  highest 
during  this  period. 

Helminths  recovered  from  20  Blarina  carolinensis ,  their  prevalences,  mean  inten¬ 
sities,  and  ranges  are  given  in  Table  5.  One  species  of  cestode,  two  species  of  trema- 
todes,  and  three  species  of  nematodes  were  detected.  Thirteen  (65%)  of  the  20  B. 
carolinensis  were  infected  with  at  least  one  species  of  helminth,  all  of  which  consti¬ 
tute  new  locality  records  for  southern  Illinois. 

Cryptocotylepis  anthocephalus  was  found  in  8  shrews.  It  has  previously  been 
reported  from  the  northern  short-tailed  shrew  ( Blarina  brevicauda)  in  Ohio  (Oswald, 
1958),  North  Carolina  (Miller  et  ah,  1974),  Iowa  (Wittrock  and  Hendrickson,  1979), 
Connecticut  (Huffman  and  Penner,  1981),  and  Pennsylvania  (Barker  and  McNair, 
1984).  Representative  specimens  have  been  deposited  in  USNM  Helm.  Coll.,  No. 
79090. 

Brachylaima  tho?npsoni  was  found  in  four  shrews.  Representative  specimens  have 
been  deposited  in  USNM  Helm.  Coll.,  No.  79087.  The  other  species  of  fluke  detected 
was  Panopistus  pricei  which  included  18  individuals  in  a  single  shrew.  Representa¬ 
tive  specimens  have  been  deposited  in  USNM  Helm.  Coll.,  No.  79088.  Both  species 
have  been  reported  in  Blarina  brevicauda  from  Ohio  (Oswald,  1958),  North  Caro¬ 
lina  (Miller  et  al.  1974),  Iowa  (Wittrock  and  Hendrickson,  1979),  Connnecticut  (Huff¬ 
man  and  Penner,  1981),  and  Pennsylvania  (Barker  and  McNair,  1984). 

Capillaria  sp.  was  detected  in  the  urinary  bladder  of  3  shrews.  Because  of  the 
poor  condition  of  the  specimens,  the  specific  epithet  could  not  be  ascertained.  Capil¬ 
laria  sp.  has  been  reported  from  Blarina  brevicauda  in  Ohio  (Oswald,  1958),  North 
Carolina  (Miller  et  al.,  1974),  Iowa  (Wittrock  and  Hendrickson,  1979),  and  Con¬ 
necticut  (Huffman  and  Penner,  1981). 

Third  stage  larvae  of  Porrocaecum  ensicaudatum  were  found  in  the  intestines 
of  2  shrews,  while  in  2  others,  Porrocaecum  sp.  third  stage  larvae  were  found  encysted 
in  the  mesenteries.  Porrocaecum  sp.  has  been  reported  from  Blarina  brevicauda  in 
Ohio  (Oswald,  1958),  North  Carolina  (Miller  et  al.,  1974),  Connecticut  (Huffman 
and  Penner,  1981),  and  Pennsylvania  (Barker  and  McNair,  1984).  Representative 
specimens  of  P.  ensicaudatum  have  been  deposited  in  USNM  Helm.  Coll.,  No.  79093. 

Results  of  this  investigation  suggest  that  the  two  species  of  Peromyscus  and  Bla¬ 
rina  carolinensis  possess  different  helminth  faunas.  Low  sample  size  for  the  shrew 
precluded  meaningful  comparisons,  however. 

Larvae  of  Echinococcus  multilocularis  were  not  detected  in  this  study,  possibly 
because  of  low  sample  size.  This  parasite  has  been  reported  in  mammals  from  north¬ 
ern  Illinois  by  Ballard  and  Vande  Vusse  (1983). 
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tig.  1.  Trap  site  locations  for  Peromyscus  leucopus  and  P.  maniculatus  collected  in  southern  Illinois  from 
1983  through  1985. 
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Fig.  2.  Seasonal  prevalences  of  helminths  of  Peromyscus  leucopus  and  P.  maniculatus  collected  in  southern 
Illinois  from  1983  through  1985. 


Table  1.  Helminths  recovered  from  100  Peromyscus  maniculatus  and  109  Peromyscus 
leucopus  collected  between  1983  and  1985  from  southern  Illinois. 


%  infected 

P.M.  P.L. 

X  intensity 

P.M.  P.L. 

range 

P.M.  P.L. 

CESTODA 

Choanotaenia  peromysci 

7.0 

0.0 

0.35 

0.00 

0-20 

0 

Hymenolepis  bennetti 

2.0 

1.8 

0.05 

0.03 

0-3 

0-2 

TREMATODA 
Postharmostomum  helicis 

1.0 

0.0 

0.01 

0.00 

0-1 

0 

NEMATODA 

Physaloptera  sp. 

1.0 

4.6 

0.01 

0.65 

0-1 

0-35 

Rictularia  coloradensis 

1.0 

20.0 

0.01 

0.48 

0-1 

0-7 

ANCANTHOCEPHALA 
Moniliformis  clarki 

1.0 

0.0 

0.01 

0.00 

0-1 

0 
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Table  2.  Host  specificity  for  helminths  found  in  Peromyscus  maniculatus  and  Pero- 
myscrn  leucopus  collected  between  1983  and  1985  from  southern  Illinois. 


X2 

CESTODA 

Choanotaenia  peromysci 

7.88* 

Hymenolepis  bennetti 

0.01 

NEMATODA 

Physaloptera  sp. 

2.40 

Rictularia  coloraderisis 

19.59* 

*  significant  at  p<0.01 

Table  3.  Habitat  effect  on  occurrence  of  helminths  found  in  Peromyscus  maniculatus 
and  Peromyscus  leucopus  from  southern  Illinois  collected  between  1983  and 
1985. 

Reclaimed 
strip-mine 
P.M.  (n  =  61) 

Old-field 

P.M.  (n  =  39)  P.L.  (n  =  109) 

CESTODA 

Choanotaenia  peromysci 

+  * 

*  * 

Hymenolepis  bennetti 

+ 

+ 

+ 

TREMATODA 
Postharmostomum  helicis 

+ 

NEMATODA 

Physaloptera  sp. 

_ 

+ 

+ 

Rictularia  coloraderisis 

— 

+ 

+ 

ACANTHOCEPHALA 
Moniliformis  clarki 

+ 

_ 

_ 

*  (  +  )  =  parasite  found 

*  *  (  -  )  =  parasite  not  found 
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Table  4.  Seasonal  variation  in  occurrence  of  helminths  from  Peromyscus  maniculatus 
and  Peromyscus  leucopus  collected  in  southern  Illinois  between  1983  and  1985. 


Spring 
(n  =  67)* 

Summer 
(n  =  21) 

Fall 

(n  =  121) 

CESTODA 

Choanotaenia  peromysci 

3 

0 

4 

Hymenolepis  bennetti 

2 

1 

1 

TREMATODA 
Postharmostomum  helicis 

0 

0 

1 

NEMATODA 

Physaloptera  sp. 

0 

4 

2 

Rictularia  coloradensis 

0 

9 

14 

ACANTHOCEPHALA 
Moniliformis  clarki 

1 

0 

0 

*n  =  number  of  Peromyscus  collected  per  season 

Table  5.  Helminths  detected  in 
during  1985. 

20  Blarina  carolinensis  collected  from  southern  Illinois 

%  infected 

X  intensity 

range 

CESTODA 

Cryptocotylepis  anthocephalm 
TREMATODA 

40.0 

1.6 

0-15 

Brachylaima  thompsoni 

20.0 

0.6 

0-5 

Panopistus  pricei 

NEMATODA 

15.0 

1.1 

0-18 

Capillaria  sp. 

15.0 

0.3 

0-2 

Porrocaecum  ensicaudatum 

10.0 

0.6 

0-10 

Porrocaecum  sp. 

10.0 

3.3 

0-62 
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ABSTRACT 

Sighting  dates  for  birds  in  western  Illinois  were  accumulated  over  a  fifteen  year 
period,  from  1969  to  1983.  The  median  dates  for  spring  and  fall  arrival,  and  for  spring 
and  fall  departure,  were  calculated  for  each  migratory  species.  These  four  median 
dates,  plus  the  earliest  and  latest  arrival  and  departure  dates,  are  shown  for  each 
species. 


INTRODUCTION 

The  timing  of  bird  migration  has  long  been  a  subject  of  study,  but  most  of  the 
literature  seems  to  be  devoted  primarily  to  spring  migration.  The  purpose  of  this  paper 
is  to  summarize  the  timing  of  spring  and  fall  bird  migration  in  west  central  Illinois. 

Several  thorough  reports  of  species  migration  schedules  have  been  published:  Jones 
(1914)  for  northern  Ohio,  Smith  (1930)  for  eastern  Illinois,  Saunders  (1959)  for  Con¬ 
necticut,  Weydemeyer  (1973)  for  northwest  Montana,  and  Adams  (1979)  for  south¬ 
ern  Michigan.  The  latter  three  studies  calculated  average  dates,  while  the  first  two, 
and  the  present  study,  calculated  median  dates. 

We  used  medians,  rather  than  means,  in  this  study  because  median  dates  are 
less  likely  to  be  skewed  by  one  or  two  aberrant  dates. 

STUDY  AREA 

The  area  used  for  this  study  was  selected  so  as  to  be  compatible  with  the  spring 
and  fall  migration  reports  from  the  Illinois  Department  of  Conservation  (Kleen, 
1974-1983).  From  spring,  1974,  through  fall,  1980,  Illinois  Bird  Migration  districts 
4,  5,  and  8  were  used,  which  included  the  counties  of  Adams,  Brown,  Bureau,  Cass, 
Fulton,  Hancock,  Henderson,  Henry,  Knox,  Marshall,  Mason,  McDonough,  Menard, 
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Mercer,  Peoria,  Putnam,  Rock  Island,  Schuyler,  Stark,  Tazewell,  Warren,  and  Wood¬ 
ford.  Starting  with  the  spring  1981  report,  the  migration  districts  were  reorganized 
slightly.  We  used  districts  D,  E,  and  H,  which  added  Pike  County  and  dropped  Cass 
and  Menard  Counties.  Figure  1  shows  the  maximum  extent  of  the  study  area. 


i - 


Fig.  1.  Shaded  area  of  Illinois  indicates  counties  included  in  this  study. 


METHODS 


Six  sources  of  migration  data  were  used.  Our  primary  source  was  the  Illinois 
Department  of  Conservation  Seasonal  Reports  (Kleen,  1974-1983).  Data  were  also 
gathered  from  the  scientific  collectors  records  and  ornithology  class  laboratory  records 
from  Western  Illinois  University,  and  from  personal  notes  of  Given  Harper,  Alice 
Krauser,  and  Edwin  Franks.  Because  several  sources  of  data  were  used,  a  single  spe¬ 
cies  in  a  single  year  often  had  several  different  “first  arrival”  or  “last  departure”  dates. 
For  this  report,  the  earliest  arrival  and  the  latest  departure  were  selected  for  each 
year  for  each  species,  and  then  summarized  for  the  fifteen-year  span.  In  some  uncom¬ 
mon  biannual  transient  species  with  only  a  single  recorded  observation,  the  date  of 
arrival  and  departure  are  necessarily  identical. 

The  median  date  (the  middle-most  date)  was  found  by  ranking  the  dates  in  order 
from  earliest  to  latest,  ignoring  the  years.  For  example,  the  earliest,  median,  and 
latest  dates  in  the  following  set  of  hypothetical  spring  arrival  dates  would  be  as 
indicated: 


Date 

May  15,  1977 
May  5,  1978 
May  4,  1979 
April  25,  1980 
May  7,  1981 
April  8,  1982 
June  2,  1983 


Seasonal 

rank 

6 

4  median 
3 

2 

5 

1  earliest 
7  latest 
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In  this  case,  seven  dates  are  used,  so  the  median  is  the  fourth  in  seasonal  rank. 

For  a  set  of  data  which  has  an  even  number  of  dates,  the  median  is  determined 
by  finding  the  middle  date  between  the  middle-most  two  dates.  For  example,  if  there 
were  8  dates  used,  and  the  fourth  and  fifth  were  April  6  and  April  12,  April  9  would 
be  the  median  date. 

But  if  there  were  an  even  number  of  days  between  the  middle-most  two  dates, 
such  as,  if  the  middle-most  dates  were  April  6  and  13,  the  earliest  of  the  two  central 
dates  was  used  for  the  median  arrival  date  (April  9  in  this  example)  and  the  latter 
of  the  two  central  dates  was  used  for  the  median  departure  date  (April  10  in  this 
example) . 

RESULTS 

The  migration  schedule  for  each  species  in  west  central  Illinois  is  presented  in 
Table  1.  We  have  shown  the  earliest,  median,  and  latest  date  for  each  species’  spring 
arrival,  spring  departure,  fall  arrival,  and  fall  departure  insofar  as  applicable  to  the 
species.  The  earliest  and  latest  dates  are  included  to  show  the  range  of  dates  in  which 
each  species  might  be  expected  to  arrive  or  depart,  while  the  median  date  is  the  best 
indication  of  the  most  likely  date. 

In  Table  1,  dates  are  indicated  using  numbers  for  the  month  and  day,  separated 
by  a  slash,  such  that  a  date  of  3/5  indicates  March  fifth.  The  letters  “ID”  (insufficient 
data)  were  used  in  the  dates  columns  to  indicate  the  lack  of  recorded  dates.  The  let¬ 
ters  “S”  (summer)  and  “W”  (winter)  are  used  in  these  columns  where  transient  spe¬ 
cies  stay  during  the  summer  and  winter. 

Based  partly  on  the  reported  migration  dates,  and  partly  on  the  maps  and  texts 
in  field  guides  by  Robbins,  et  al.  (1983),  Peterson  (1980),  and  Farrand  (1983),  each 
species  was  given  one  or  more  status  codes  to  provide  a  descriptive  statement  of  its 
occurrence  in  west  central  Illinois.  In  many  cases,  the  status  was  difficult  to  assign, 
and  is  therefore  debatable  and  is  not  meant  to  be  precise. 

Status  “P”  (permanent)  indicates  the  birds  live  in  the  area  all  year.  Some  species 
are  found  in  the  area  all  year  long,  but  the  population  migrates  with  the  seasons  or 
weather;  these  species  are  designated  “PM”.  These  two  status  codes  are  also  used  in 
the  date  columns  when  there  are  no  obvious  migratory  periods. 

Transient  species  (status  “T”)  show  a  distinct  migratory  period.  Some  few 
individuals  of  biannual  transient  species  may  stay  in  the  study  area  during  a  season 
while  the  majority  of  the  species  moves  on.  These  species  are  designated  by  either 
“IS”  (individuals  may  summer)  or  “IW”  (individuals  may  winter). 

Status  “U”  indicates  species  which  are  uncommon,  and  status  “Ir”  indicates  irregu¬ 
lar  migrants  that  do  not  occur  in  the  study  area  every  year. 

The  common  names,  scientific  names,  and  the  sequence  of  species  in  Table  1 
follow  the  latest  A.O.U.  checklist  (American  Ornithologists'  Union,  1983). 

We  found  that  there  is  much  more  information  on  spring  migration  than  on  fall 
migration,  as  shown  by  the  sample  sizes  (in  parentheses)  in  Table  1.  Thus,  for  many 
species  listed,  the  fall  data  are  less  reliable  than  the  spring  data. 
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KEY  TO  THE  SYMROLS  USED  IN  TARLE  1. 

ID  Insufficient  data 

Ir  Irregular;  not  present  every  year 

IS  Some  individuals  may  summer 

IW  Some  individuals  may  winter 

P  Permanent  resident 

PM  Species  present  all  year,  but  the  local  population  migrates  with  the  season 
or  weather 

S  The  species  summers  in  the  area 
T  Transient  species;  shows  a  distinct  migratory  period 
U  Uncommon  to  extremely  uncommon  in  the  area 
W  The  species  winters  in  the  area 

(  )  Sample  size;  number  of  years’  data  available  for  calculating  median 

2/4  Month  and  day  (February  4  in  this  example) 
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A  NOTE  ON  THE  DISTRIBUTION  OF 
MERYCHYUS  VERKUCOMALUS  STEVENS 
(MAMMALIA:  ARTIODACTYLA) 

Jonathan  A.  Bloom 
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ABSTRACT 

Paleontological  investigations  were  conducted  by  Dr.  Edwin  C.  Galbreath,  Profes¬ 
sor  Emeritus  of  Southern  Illinois  University  at  Carbondale  during  the  summer  of  1981 
in  Logan  County,  Colorado.  A  partial  skull  and  mandible  of  the  Miocene  meryco- 
idodont,  Merychyus  verrucomalus ,  were  recovered.  Previously,  this  species  has  only 
been  recorded  for  the  Miocene  of  northwestern  Nebraska  (Stevens,  1970).  A  descrip¬ 
tion  of  the  Colorado  specimen  is  presented. 

The  geographic  distribution  of  the  late  early  Miocene  merycoidodont,  Merychyus 
verrucomalus  Stevens  (1970),  has  been  extended  from  its  occurence  in  northwestern 
Nebraska  to  northeastern  Colorado  by  Kansas  University  Museum  (K.U.)  specimen 
K.U. -55304.  This  specimen  consists  of  a  partial  skull,  mandible  and  a  few  postcranial 
fragments  from  the  SW  1/4,  NE  1/4,  Sec.  27,  T.  11  N.,  R.  53  W.,  Logan  County, 
Colorado.  It  was  recovered  by  Dr.  Edwin  C.  Galbreath  in  1981  from  the  silt  and 
nodular  zone  in  the  Pawnee  Creek  Formation,  approximately  600  feet  east  of  Quarry 
A,  Martin  Canyon  Local  Fauna.  This  locality  is  biostratigraphically  equivalent  to 
the  Marslandian  of  Nebraska  (Wilson,  1960). 

To  date,  specimens  of  M.  verrucomalus  have  only  been  recovered  from  Dawes 
and  Sioux  counties,  Nebraska  (Stevens,  1970).  The  seven  skulls  studied  by  Stevens 
are  all  part  of  the  Childs  Frick  Collection  in  the  American  Museum  of  Natural  His¬ 
tory  (F:A.M.).  The  stratigraphic  position  of  these  specimens  lies  “aproximately  12 
feet  below  ‘upper  wavy- bedded  sandstone  zone,’  Middle  Hemingfordian  Running- 
water  Formation”  (Stevens,  1970:2). 

K.U. -55304  consists  of  a  badly  fragmented  skull  lacking  the  entire  right  half 
anterior  to  the  parietal  bone.  Posterior  portions  of  the  right  parietal  are  intact.  The 
left  half  of  the  skull  is  nearly  complete,  although  poorly  preserved,  missing  lateral 
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fragments  of  the  maxilla,  and  anterior  portions  of  the  nasal  bone.  The  occipital  con¬ 
sists  of  only  isolated  fragments.  The  basicranial  region  is  incomplete  and  badly 
fragmented. 

The  sagittal  crest  is  of  moderate  development,  comparable  to  those  illustrated 
for  U.N.S.M.  No.  2-10-8-36  listed  as  M.  elegans  by  Schultz  and  Falkenback  (1947: 
272)  but  later  referred  to  M.  verrucomalns  (Stevens,  1970),  and  for  F:A.M.  No.  32919 
(Stevens,  1970:5).  The  complete  zygomatic  arch  displays  the  lateral  tuberous  flaring 
of  the  malar  described  by  Stevens  (1970:3)  as  being  the  diagnostic  characteristic  of 
M.  verrucomalus.  The  degree  of  development  of  this  tuberosity  on  K.U. -55304  most 
closely  resembles  that  of  the  holotype  of  M.  verrocomalus  (F:A.M.  No.  32919),  as 
does  the  degree  of  tooth  wear  on  the  M3  (Stevens,  1970:6,  fig.  3C).  Due  to  the  pres¬ 
ence  of  the  malar  tuberosity,  the  arc  of  the  zygomatic  arch  is  markedly  concave,  a 
characteristic  also  noted  by  Stevens  (1970:4). 

The  partial  mandible  consists  of  the  anteriorly  fused  left  and  right  dentary  bones. 
The  left  dentary  is  complete  but  for  a  small  postero-ventral  portion  of  the  angular 
region  and  I1-3,  C,  and  P2.  The  right  dentary,  having  a  fragmented  ascending  ramus, 
is  complete  anteriorly  from  approximately  the  midpoint  of  M3.  The  right  3  are 
missing  and  M9  3  are  fragmented  and  incomplete.  The  first  molar  is  complete  and 
intact.  The  right  mental  foramen  is  located  at  the  level  of  the  posterior  portion  of 
P3  to  the  P34  interdental  aspect. 

Dental  and  mandibular  measurements  were  taken  as  described  by  Stevens  (1970:6) 
and  Von  Den  Driesch  (1976:58-59)  respectively.  All  measurements  are  in  millimeters 
and  were  made  with  a  Mitutoyo  dial  calipers.  For  comparative  purposes,  the  observed 
range  and  number  of  specimens  measured  by  Stevens  (1970:6),  which  are  applicable 
to  K.U. -55304,  have  been  included  in  Table  1. 

Measurements  of  the  left  upper  and  lower  third  molars  on  K.U. -55304  fall  within 
the  known  range  of  variation  of  M.  verrucomalus  (Table  1).  However,  those  for 
Pj-P4  and  Mj-M3  are  approximately  1mm  and  2mm  shorter,  respectively.  While 
bearing  the  diagnostic  feature  of  the  flared  zygomatic  arch,  K.U. -55304  may  repre¬ 
sent  a  slightly  smaller  (or  at  least  shorter-faced)  individual  of  M.  verrucomalus  than 
in  the  sample  analyzed  by  Stevens  (1970)  as  indicated  by  tooth  row  length. 
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Table  1.  Measurements  of  Menjchyiis  verrucomalus. 


Specimen  KU  55304 

From  Stevens  (1970:6)* 

Observed 

#  of  Specimens 

Aspect 

Side 

Measurement 

Range 

Measured 

Length,  M3 

L 

21.8 

18.5-22.1 

6 

Width,  M3 

L 

14.6 

14.6-16.1 

6 

Length,  M3 

L 

24.4 

22.1-26.8 

6 

Width,  \13 

L 

10.3 

9.0-11.0 

6 

P  -P 

14 

L 

31.1 

32.2-35.3 

5 

P,-P4 

R 

31.1 

32.2-35.3 

5 

m,-m3 

L 

46.1 

48.3-65.7 

6 

*  Measurements  by  Stevens  do  not  discriminate  side. 
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ABSTRACT 

A  study  was  conducted  at  the  Captain  Mine,  Arch  of  Illinois,  Inc.,  Percy,  Illinois 
on  a  Darmstadt  soil  series  (fine-silty,  mixed,  mesic  Abbic  Natraqualf)  to  determine 
the  effects  of  grazing,  hay  removal,  and  no  hay  removal  of  alfalfa  ( Medicago  sativa 
L.)  on  a  reclaimed  surface  mined  B-horizon,  loess,  and  glacial  till  mixture  on  the 
soil  restoration  process.  Also,  the  performance  of  beef  animals  grazing  alfalfa  and 
hay  yields  on  reclaimed  surface  mined  B-horizon,  loess,  and  glacial  till  soil  mixture 
was  evaluated.  Economic  returns  from  beef  production  and  alfalfa  production  from 
strip  mine  spoil  were  very  similar  to  those  found  in  southern  Illinois.  Hay  removal 
and  grazing  appear  to  be  viable  alternatives  to  the  no  hay  removal  treatment  for 
the  restoration  of  strip  mined  land.  Although  the  soil  restoration  process  was 
somewhat  slower  than  the  no  hay  removal  as  determined  by  reduced  (P  <.05)  organic 
matter  percentage,  the  economic  returns  from  grazing  or  hay  removal  could  be 
justified.  The  decision  whether  to  produce  alfalfa  hay  or  beef  on  reclaimed  surface 
mined  spoil  lies  with  the  individual  producer. 
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INTRODUCTION 

Increasing  demands  for  food  and  energy  make  it  imperative  that  systems  be 
developed  to  extract  coal  and  reclaim  farmland  without  reduction  in  the  food 
producing  potential  while  employing  the  most  efficient  and  economical  reclama¬ 
tion  procedures.  Past  reclamation  techniques  for  returning  mined  prime  farmlands 
to  intensive  crop  production  have  not  been  adequate.  From  the  standpoint  of  recla¬ 
mation  methods  and  economics,  two  opposing  views  arise:  (1)  improper  reclama¬ 
tion  techniques  result  in  low  food  producing  potential  of  the  stripmined  farmland 
and  (2)  unnecessary  mining  operations  needlessly  increase  costs  reflecting  higher 
energy  costs  to  consumers. 

Loess  and  glacial  till  are  two  major  soil  parent  materials  underlying  the  B- 
horizon  of  the  weathered  soils  in  southern  Illinois.  They  have  properties  that  are 
generally  as  good  or  better  suited  for  rooting  media  than  the  B-horizon.  Another 
alternative  rooting  medium  is  the  mixing  of  the  B-horizon  with  the  underlying  loess 
and  glacial  till  by  the  bucket  wheel  excavator.  This  rooting  medium  does  not  have 
an  organic  matter  content  comparable  to  the  uneroded  A-horizon.  However,  this 
problem  may  be  resolved  by  growing  an  “organic  building”  sod  crop.  The  “organic 
building”  sod  crop  provides  economic  returns  by  utilizing  the  sod  during  the  reclama¬ 
tion  process  for  grazing  cattle  or  for  hay. 

Barnhisel  (1977)  reported  that  much  has  been  postulated  regarding  the  benefits 
of  topsoiling  in  reclamation.  Most  likely  there  are  many  areas  in  the  United  States 
in  which  topsoiling  would  be  beneficial,  but  in  other  areas,  such  as  southern  Illinois, 
southern  Indiana  and  especially  western  Kentucky,  the  available  topsoil  and  B- 
horizon  material  may  have  physical  and  chemical  properties  less  desirable  than  geo¬ 
logic  materials.  Plass  (1978)  stated  that  topsoil  replacement  was  of  questionable  value 
in  Appalachia  which  has  shallow,  infertile  soils  and  steep  slopes. 

It  has  been  shown  that  soil  formation  is  accelerated  by  using  forage  grass  and 
legume  sod  crops  (Carreker  et  al.,  1968;  Jones  et  ah,  1975).  Additionally,  the  use 
of  a  B-horizon  and  loess  and  glacial  till  mixture  as  a  rooting  medium  together  with 
a  sod  crop  to  enhance  the  organic  matter  buildup  may  be  a  viable  alternative  to 
B-horizon  and  topsoil  replacement.  When  using  a  sod  building  crop  during  the  soil 
restoration  process,  the  land  may  not  provide  optimum  economic  returns.  However, 
if  the  sod  building  crop  is  utilized  as  pasture  for  beef  cattle  production  or  as  hay 
it  should  provide  some  economic  returns  with  little  disruption  of  the  soil  restoration 
processes  for  subsequent  row  crop  production. 

McCormack  (1974)  noted  that  the  destruction  of  compact  soil  layers,  apt  to 
impede  water  movement  and  root  growth,  has  sometimes  led  to  improvement  of 
the  soil  environment  for  plant  growth  after  mining.  Grandt  (1978)  stated  that  newly 
mined  land  should  not  be  immediately  planted  to  row  crops  but  to  a  grass-legume 
mixture  first.  During  this  time,  the  soil’s  physical,  chemical  and  biological  properties 
will  stabilize,  thus  allowing  for  the  successful  future  cultivation  of  row  crops. 

A  study  of  yearling  steer  performance  on  reclaimed  and  non-mined  rangeland 
revealed  that  productivity  on  the  reclaimed  site  was  comparable  to  that  on  nonmined 
land  (Hoffman  et  al.,  (1981).  Baker  et  al.,  (1976)  measured  the  productivity  of  sericea 
lespedeza  ( Lespedeza  cuneata  G.  Con.)  and  ‘Kentucky  3T  fescue  ( Festuca  arun- 
clinacea  Shreb.)  as  forage  for  cow-calf  herds.  Over  a  three-year  period  average  dai¬ 
ly  gains  of  suckling  calves  were  .90  kg  which  resulted  in  total  gains  of  180  kg  per 
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calf  during  grazing  seasons  of  200  days  duration.  From  this  work  it  was  concluded 
that  satisfactory  and  economical  beef  calf  gains  could  be  obtained  on  surface  mined 
land  reclaimed  with  ‘Kentucky  31’  fescue  and  sericea  lespedeza. 

In  Illinois  and  surrounding  states,  a  large  amount  of  land  has  been  or  will  be 
reclaimed  following  surface  mining.  While  beef  and/or  hay  production  are  possible 
alternatives  for  restoring  the  production  potential  of  surface-mined  land,  their  effect 
on  the  restoration  process  has  not  been  fully  established. 

The  objectives  of  this  study  were  to  determine  the  effects  of  grazing,  hay  removal, 
and  no  hay  removal  of  alfalfa  ( Medicago  sativa  L.)  on  a  reclaimed  surface  mined 
B-horizon,  loess  and  glacial  till  mixture  on  the  soil  restoration  process  and  to  assess 
the  performance  of  beef  animals  grazing  alfalfa  as  well  as  hay  yields  on  reclaimed 
surface  mined  B-horizon,  loess  and  glacial  till  soil  mixture. 

MATERIALS  AND  METHODS 

This  study  was  conducted  at  the  Captain  Mine,  Arch  of  Illinois,  Inc.,  Percy, 
Illinois,  on  a  Darmstadt  soil  series  (fine-silty,  mixed  mesic  Abbic  Natraqualf).  The 
research  site  was  reconstructed  by  the  bucket  wheel  excavator  with  a  mixture  of 
B-horizon,  loess,  and  glacial  till  (no  topsoil  replacement)  followed  by  revegetation 
with  alfalfa  ( Medicago  sativa  L.)  20  kg/hectare  in  1982.  Data  collection  began  in 
May  of  1983  and  concluded  in  the  fall  of  1984  including  two  separate  growing 
seasons.  Soil  samples  for  all  treatments  were  analyzed  for  pH,  phosphorus  and  potas¬ 
sium.  Deficiencies  were  corrected  according  to  soil  test  recommendations  at  time 
of  alfalfa  seeding.  Maintenance  P  and  K  were  added  for  each  of  the  grazing  seasons. 

The  restoration  rates  of  three  management  systems  were  measured — grazing, 
hay  removal  and  no  hay  removal.  For  grazing,  four  1/2  hectare  paddocks  were  us¬ 
ed  for  the  grazing  portion  of  this  study.  Paddocks  were  rotationally  grazed  by  yearling 
crossbred  beef  heifers  of  uniform  weight  and  age.  Prior  to  the  study,  cattle  were 
confined  to  a  feedlot  and  conditioned  to  protein  blocks  containing  the  bloat  inhibiting 
chemical  poloxalene.  All  heifers  were  vaccinated,  dewormed  and  ear  tagged  for 
fly  control.  All  cattle  were  weighed  individually  and  reweighed  after  a  24-hour 
period.  The  weights  were  averaged  together  to  establish  a  more  uniform  weight. 

A  “put-and-take”  stocking  system  was  used  to  adjust  animal  numbers  beyond 
or  below  the  initial  stocking  rate  to  maintain  relatively  uniform  grazing  pressure 
on  the  alfalfa  and  to  allow  for  at  least  a  30-day  rest  period  on  each  paddock.  Stocking 
rates  ranged  from  0.22  to  0.25  ha/heifer  during  the  1983  season.  This  was  largely 
due  to  low  rainfall  in  July  and  August  in  1983  and  July  1984. 

Cattle  were  allowed  to  graze  the  alfalfa  in  the  first  paddock  to  a  height  of 
approximately  7.5  cm.  Cattle  were  then  moved  into  the  adjacent  paddock  (#2)  and 
the  alfalfa  was  grazed  to  the  7.5  cm  height.  The  cattle  were  weighed  and  average 
daily  gains  recorded.  While  paddocks  1  and  2  were  being  grazed,  paddocks  3  and 
4  were  mechanically  harvested  and  allowed  three  weeks  for  regrowth.  This  was 
done  in  order  to  establish  a  similar  maturity  as  to  that  of  paddocks  1  and  2.  After 
the  three- week  regrowth  period,  paddocks  3  and  4  were  rotationally  grazed  to  the 
7.5  cm  height.  Cattle  were  then  moved  back  to  the  first  paddock  where  the  rotation 
was  repeated. 

Grazing  was  terminated  by  September  15  of  each  year  to  allow  the  alfalfa  to 
accumulate  a  supply  of  nutrients  in  the  root  system.  Shade  structures  and  water 
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were  provided  at  all  times.  Bloat  inhibiting  blocks  occupied  three  locations  in  the 
grazed  paddock  and  were  fed  ad  libitum. 

The  hay  removal  treatment  consisted  of  eight  hay  plots  located  adjacent  to  the 
paddocks.  A  1  x  6  m  swath  was  harvested  from  each  of  the  2  x  8  m  hay  plots  at 
the  first  flower  to  one-tenth  bloom  stage  with  aim  width  sickle  mower.  Hay  yields 
were  calculated  on  a  dry  matter  per  hectare  basis.  Alfalfa  herbage  was  analyzed 
for  crude  protein,  neutral  detergent  fiber,  acid  detergent  fiber,  ether  extract  and 
ash  using  methods  outlined  by  the  Association  of  Official  Agriculture  Chemists 
(A.O.A.C.  1980). 

The  no  hay  removal  treatment  consisted  of  eight  alfalfa  plots,  2  x  6  m  in  size 
adjacent  to  the  alfalfa  hay  removal  plots.  Soil  samples  from  all  three  treatments 
were  analyzed  for  organic  matter  (Walkley-Black  method),  bulk  density  or  g/cm3 
(Core  method)  and  soil  texture  (hydrometer  method).  The  procedures  for  these 
analyses  were  described  by  Scheck  et  al.  (1978). 

Six  core  samples  were  taken  from  each  of  the  four  paddocks  for  soil  physical 
analyses.  Soil  samples  were  taken  from  each  paddock  for  measurement  of  bulk  density 
and  organic  matter  content.  One  core  sample  and  one  soil  sample  were  taken  from 
each  of  the  eight  alfalfa  hay  removal  plots  and  the  eight  alfalfa  no  hay  removal 
plots  in  1983  and  1984  and  analyzed  for  bulk  density  and  organic  matter  content. 
All  core  samples  and  soil  samples  came  from  the  top  30  cm  of  soil.  In  addition  to 
the  0-30  cm  depth  surface  core  sampling,  15  turbo  soil  core  samples  were  taken 
from  the  center  of  the  30-60,  60-90  and  90-120  cm  depths  for  bulk  density 
measurements.  These  measurements  were  replicated  four  times  at  four  different  loca¬ 
tions.  The  data  were  statistically  analyzed  by  two-way  analysis  of  variance  and 
Duncan’s  new  multiple  range  test  was  used  to  evaluate  differences  among  treat¬ 
ments  (Steel  and  Torrie,  1980).  All  statistical  procedures  were  computerized  using 
the  Statistical  Analysis  System  (SAS,  1982). 

RESULTS  AND  DISCUSSION 

Soil  bulk  densities  and  organic  matter  contents  for  paddocks,  hay  removal  and 
no  hay  removal  were  determined  to  characterize  the  effects  on  soil  restoration  with 
time.  Bulk  density  changes  among  the  different  treatments  were  not  significantly 
different  for  the  years  1983  or  1984  (Table  1).  Mean  bulk  density  values  across  all 
treatments  for  1983  and  1984  were  1.61  gm/cm3  and  1.63  gm/cm3,  respectively. 
The  no  hay  removal  treatment  had  the  lowest  bulk  density.  Organic  matter  addi¬ 
tions  generally  lower  the  soil  bulk  density.  It  is  postulated  that  the  no  hay  removal 
treatment  would  have  a  significantly  lower  bulk  density  over  a  period  of  years  as 
the  top  growth  of  the  alfalfa  adds  more  organic  matter  to  the  soil  than  the  other 
treatments.  Grazing  had  little  effect  on  the  soil  bulk  density  for  the  1983  and  1984 
grazing  years.  Cattle  grazing  would  tend  to  increase  soil  bulk  density  and  the  added 
manure  from  the  grazing  cattle  would  tend  to  decrease  bulk  density.  The  bulk  density 
measurements  for  1983  and  1984  indicate  that  these  two  effects  are  about  equal. 
The  bulk  density  data  for  all  treatments  shows  that  the  hay  removal  and  grazing 
treatments  are  viable  alternatives  to  the  no  hay  removal  treatment  for  stripmine 
soil  restoration. 

Organic  matter  content  for  the  different  soil  restoration  treatments  for  1983 
and  1984  are  given  in  Table  1.  There  was  a  notable  increase  in  organic  matter  con- 
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tent  for  all  treatments  between  years.  The  mean  organic  values  across  all  treatments 
in  1983  was.  48% ,  whereas,  in  1984  it  was  .85% .  The  no  hay  removal  treatment 
in  1984  was  significantly  higher  in  organic  matter  content  than  the  hay  removal 
treatment.  The  increased  organic  matter  content  for  all  treatments  indicates  that 
the  hay  removal  and  grazing  treatments  are  also  viable  alternatives  compared  to 
the  no  hay  removal  treatment  for  stripmine  soil  restoration.  However,  it  is  postulated 
that  the  time  required  to  reach  the  same  level  of  restoration  for  hay  removal  would 
be  somewhat  longer  than  for  the  grazing.  The  manure  from  the  grazing  cattle  would 
account  for  this  difference. 

The  bulk  density  measurements  for  the  30  cm  intervals  from  30-120  cm  depth 
are  shown  in  Table  2.  Bulk  density  increased  for  each  30  cm  depth  interval  which 
is  attributed  mostly  to  soil  settling  from  the  weight  of  the  above  soil  and  probably 
some  compaction  from  the  heavy  equipment  and  soil  moisture  content  at  the  time 
of  the  reclamation. 

The  soil  texture,  the  relative  percentages  of  sand,  silt  and  clay,  are  given  in  Table 
2.  The  textural  class  of  the  mined  site  is  a  clay  loam  for  0-120  cm  depth,  whereas, 
the  premined  soil  had  a  silt  loam  subsurface  and  a  silty  clay  surface.  The  surface 
soil  of  the  mined  soil  is  appreciably  heavier  than  the  unmined  soil  and  subsoil  of 
the  mined  soil  is  a  little  lighter  than  the  unmined  subsoil. 

The  results  of  the  grazing  study  for  1983  and  1984  are  presented  in  Table  3. 
In  addition  to  the  animal  production,  approximately  3100  kg  of  alfalfa  was  re¬ 
moved  each  year  from  the  paddock  as  trimmings.  Hay  production  was  4800  and 
6700  kg/ha  for  1983  and  1984  seasons,  respectively  (Table  4).  The  increased  alfalfa 
production  for  1984  could  have  been  the  result  of  increased  rainfall  during  the  grazing 
season.  The  quality  of  the  hay  produced  for  both  years  was  comparable  to  alfalfa 
in  early  bloom  (IFN  1-00-059).  Variability  in  protein  content  was  due  to  stage  of 
maturity  at  cutting  (Table  4).  The  protein  content  in  alfalfa  tends  to  decline  as  it 
matures.  Alfalfa  was  harvested  at  the  full-bloom  stage  of  maturity  in  1983,  whereas 
in  1984  it  was  harvested  at  an  earlier  stage  (1/10  bloom).  In  terms  of  economic 
returns,  one  could  utilize  reclaimed  surface  mined  spoil  for  either  hay  or  animal 
production.  However,  the  organic  matter  addition  to  the  soil  from  grazing  animals 
is  an  important  consideration  over  the  hay  removal  treatment. 
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Table  1.  Bulk  density  and  organic  matter  content  (0-30  cm  depth)  for  treatments 
on  reclaimed  surface  mined  spoil  at  Captain  Mine,  Percy,  Illinois. 


Treatments 

Bulk  Density 

Organic  Matter 

gm/cm3 

% 

1983 

Paddocks 

1.64 

0.44 

Hay  removal 

1.61 

0.46 

No  hay  removal 

1.58 

0.48 

1984 

Paddocks 

1.65 

0.85 

Hay  removal 

1.65 

0.78* 

No  hay  removal 

1.59 

0.92* 

*  Means  within  a  column  for  organic  matter  in 

1984  differ  (P<.05). 

Table  2.  Mean  soil  density  and  texture  for  the  reclaimed  surface-mined  spoil  at 

Captain  Mine, 

Percy,  Illinois. 

Bulk  Density 

Sample  depth,  cm 

gm/cm3 

30-60 

1.64 

60-90 

1.69 

90-120 

1.74 

Texture 

% 

Sand 

19.2 

Silt 

45.3 

Clay 

35.5 

Table  3.  Cattle  Perform 

ance  on  Paddocks  at  Captain  Mine,  Percy, 

Illinois. 

Average 

Animal 

Days  on 

Animal 

Daily 

Production 

Year  Paddock 

Days 

Gain  (kg) 

kg/ha 

1983  85 

509 

0.55 

282 

1984  90 

840 

0.46 

390 
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ABSTRACT 

Vouchers  are  cited  for  611  county  records  from  34  west  central  counties.  They 
are  distributed  among  215  genera  and  392  species.  Corydalis  curvisiliqua  Engelm. 
var.  grandibracteata  Fedde  is  recognized  for  the  first  time  as  a  member  of  the  Illinois 
wild-growing  vascular  flora.  Although  the  plant  was  first  collected  in  the  state  in 
1953  by  R.T.  Rexroat,  it  was  misidentified  as  Corydalis  micrantha  (Engelm.)  Gray. 

INTRODUCTION 

Collection  of  the  vouchers  was  a  cooperative  effort  by  the  authors.  Colin  col¬ 
lected  all  of  the  LaSalle  County  vouchers  and  most  of  those  in  Montgomery  County. 
Marty  collected  most  of  the  Fayette  County  vouchers.  Tyson  collected  most  of  the 
vouchers  in  Adams,  Brown,  Cass  and  Schuyler  Counties.  Shildneck  collected  the 
remainder.  Two  specimens  of  each  cited  record  plant  were  assembled  by  Shildneck. 
One  was  entered  in  his  herbarium  under  his  accession  number.  The  other 
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specimen — pressed,  dried  and  unmounted — was  delivered  to  the  ISM  Herbarium 
accompanied  by  a  data  collection  slip.  All  of  the  record  vouchers  are  here  reported 
under  Shildneck’s  herbarium  accession  number. 

Corydalis  curvisiliqua  Engelm.  var  granclibracteata  Fedde  was  first  collected 
in  Illinois  in  1953  by  R.T.  Rexroat.  His  two  collections,  ISM  42544  and  ISM  51932, 
were  misidentified  as  Corydalis  micrantha  (Engelm.)  Gray.  Their  collection  sites 
were  described  only  as  “along  a  railroad  in  Cass  County”. 

Recently,  Tyson  and  Shildneck  collected  specimens  of  a  robust  Corydalis  in  the 
Burlington  Northern  Railroad  yards  at  Beardstown,  IL  (Cass  County)  and  identified 
them  as  Corydalis  micrantha  (Engelm.)  Gray.  Colin,  being  acquainted  with 
Corydalis  curvisiliqua  Engelm.  var.  grandibracteata  Fedde  growing  in  Reno  County, 
KS,  recognized  the  robust  Beardstown  Corydalis  as  the  latter  species.  His  identifica¬ 
tion  was  confirmed  by  Dr.  R.L.  McGregor,  Herbarium  Director  at  the  University 
of  Kansas,  who  examined  a  representative  specimen  of  the  railroad  yard  plants 
(Shildneck  13532,  4  June  1983). 

In  1984  and  1985,  Tyson  found  eight  populations  of  Corydalis  curvisiliqua 
Engelm.  var  grandibracteata  Fedde  south  and  west  of  the  Beardstown  railroad  yard, 
six  in  Cass  County  and  one  each  in  Brown  and  Pike  Counties  near  Meredosia.  It 
is  anticipated  that  continued  exploration  will  disclose  additional  populations  of  this 
interesting  Corydalis. 


LIST  OF  COUNTY  RECORDS 

Agastachc  nepetoides  (L.)  Ktz. 

BOND— 1331 7 
Agrimonia  parviflora  Ait. 

MONTGOMERY— 13213 
Agrostis  perennans  (Walt.)Tuckerm. 
BOND— 13298 
MONTGOMERY— 13252 
Allium  sativum  L. 

BOND— 13050 

Allium  burdickii  (Hanes)  A.G.  Jones 
CHRISTIAN— 12994 
SCOTT— 14121 
SHELBY— 12992 
Alopecurus  carolinianus  Walt. 

MONTGOMERY— 13016 
Amaranthus  albus  L. 

MONTGOMERY— 14932 
Amaranthus  hybrid  us  L. 
EFFINGHAM— 13424 
MONTGOMERY— 13351 
Amaranthus  spinosus  L. 

BOND— 13405 
SCHUYLER —13996 
SCOTT— 14039 


Amaranthus  tuberculatus  (Moq.)  Sauer 
BOND— 13314 
EFFINGHAM— 13425 
MONTGOMERY— 13426 
Ambrosia  psilostachya  DC. 

BROWN— 14088 
SCHUYLER— 14089 
Ammannia  coccinea  Rottb. 

SHELBY— 13429 
Amorpha  canescens  Pursh 
MONTGOMERY— 13160 
Ampelopsis  cordata  Michx. 
CLINTON— 14183 
FAYETTE— 15003 
Amphicarpa  bracteata  (L.)  Fern. 
MARION— 13277 
MONTGOMERY —13239 
Amsonia  tabernaemontanum  Walt. 

BROWN— 13818 
Andropogon  virginicus  L. 

MONTGOMERY— 13498 
Anemone  canadensis  L. 

SHELBY— 12873 
Anthemis  arvensis  L. 

EFFINGHAM— 13795 
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Apios  americana  Medic. 

CHRISTIAN— 13372 
MONTGOMERY— 13188 
SHELBY— 14688 
Arabidopsis  thaliana  (L.)  Heynh. 

SHELBY — 12784 
Arabis  canadensis  L. 

MONTGOMERY— 13049 
Arabis  glabra  (L.)  Bernh. 

MONTGOMERY— 13048 
Arctium  minus  Bernh. 

CHRISTIAN— 13377 
Aristida  curtissii  (Gray)  Nash 
CHRISTIAN— 14975 
Aristida  longispica  Poir.  var.  geniculata 
(Raf.)  Fern. 

BROWN — 14049 

Aristida  longispica  Poir.  var.  longispica 
CHRISTIAN —13396 
MONTGOMERY— 13365 
Aristida  ramosissima  Engelm. 

CHRISTIAN— 13485 
Aruncus  dioicus  (Walt.)  Fern. 

MONTGOMERY— 13154 
Asclepias  exaltata  L. 

BROWN— 13788 
Asclepias  purpurascens  L. 

BROWN— 13827 
Asparagus  officinalis  L. 

BOND— 13403 
MONTGOMERY— 13068 
MOULTRIE — 13404 
SHELBY —12796 
Aster  anomalus  Engelm. 

MONTGOMERY— 13248 
Aster  azureus  Lindl. 

BROWN— 14048 
Aster  ericoides  L. 

MONTGOMERY— 13475 
MORGAN —14021 
Aster  laevis  L. 

MONTGOMERY— 13500 
Aster  laterijlorus  (L.)  Britt. 

BOND— 13462 
MORGAN —14032 
Aster  novae-angliae  L. 

CASS— 14030 


Aster  ontarionis  Wieg. 

BOND— 13687 
DE  WITT— 13493 
EFFINGHAM— 13509 
MONTGOMERY— 13478 
MORGAN —14024 
SANGAMON— 14031 
SCHUYLER— 14023 
Aster  parviceps  (Burgess)  Mack.  &  Bush 
BROWN— 13963 
CASS— 13987 
Aster  patens  Ait. 

MONTGOMERY— 13704 
Aster  praealtus  Poir. 

SCHUYLER— 14058 
SCOTT— 14036 
Aster  simplex  Willd. 

CASS— 14029 
EFFINGHAM— 13461 
MONTGOMERY— 13391 
MORGAN— 14028 
Aster  tataricus  L.f. 

MONTGOMERY— 13690 
Aster  turbinellus  Lindl. 
MONTGOMERY— 13362 
MORGAN— 14035 
Astragalus  canadensis  L. 
MONTGOMERY— 13214 
SHELBY —12917 
Berteroa  incana  (L.)  DC. 

MACON— 12944 
Bidens  bipinnata  L. 

MONTGOMERY— 13445 
Bidens  discoidea  (Torr.  &  Gray)  Britt. 
BOND— 13689 
SCOTT— 14974 
Bidens  frondosa  L. 

MONTGOMERY— 13352 
Bothriochloa  saccharoides  (Swartz) 
Rydberg 

MONTGOMERY— 13335 
Botrychium  dissectum  Spreng.  var. 
obliquum  (Muhl.)  Clute 
BOND— 13470 
CHRISTIAN— 13376 
MONTGOMERY— 13469 
MOULTRIE —13471 
SHELBY— 13414 
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Brachyelytrum  erectum  (Schreb.)  Beauv. 
BROWN— 13775 
CHRISTIAN— 13421 
Brassica  juncea  (L.)  Czern. 

FAYETTE — 14999 
Brickellia  eupatorioides  (L.)  Shinners 
MONTGOMERY— 13387 
Bromns  commutatus  Schrader 
MONTGOMERY— 13063 
Bromus  japonicus  Thunb.  ex  Murr. 

MONTGOMERY— 13057 
Bromus  pur  gams  L. 

SCHUYLER— 13951 
SHELBY— 13413 

Bulbostylis  capillaris  (L.)  C.B.  Clarke 
MONTGOMERY— 13360 
Cacalia  atriplicijolia  L. 

SHELBY — 13420 

Cacalia  muhlenbergii  (Sch.-Bip.)  Fern. 
FAYETTE — 13640 

Calamagrostis  canadensis  (Michx.)  Beauv. 

CHRISTIAN— 13979 
Calystegia  sepium  (L.)  R.  Br.  ssp.  ameri- 
cana  (Sims)  Brummitt 
SHELBY— 13430 
Calystegia  spithamaea  (L.)  Pursh 
MONTGOMERY— 13056 
Camelina  microcarpa  Andrz. 

MASON— 12806 
Carduus  nutans  L. 

BOND— 13120 
Car  ex  aggregata  Mack. 

MASON— 12814 
SHELBY -12937 
Car  ex  albolutescens  Schwein. 

FAYETTE— 13796 
Carex  amphibola  Steudel 
BROWN — 14567 
VERMILION —11984 
Carex  annectens  (Bickn.)  Bickn. 

MONTGOMERY— 13073 
Carex  artitecta  Mack. 

MONTGOMERY — 13018 
Carex  atherodes  Sprengel 
SHELBY— 13099 
Carex  brevior  (Dewey)  Mack. 
MONTGOMERY— 13033 


Carex  bromoides  Schk. 

FAYETTE— 13520 
Carex  buxbaumii  Wahlenb. 
MONTGOMERY— 13009 
SHELBY— 12998 
Carex  communis  Bailey 
POPE— 13976 
Carex  conjuncta  Boott 
BROWN— 13791 
PIKE— 13836 
SHELBY— 12870 
Carex  convoluta  Mack. 
BROWN— 13777 
MASON— 12815 
SCHUYLER— 13808 
Carex  davisii  Schwein.  &  Torr. 
MASON— 12804 
MONTGOMERY— 13022 
Carex  X  deamii  F.J.  Herm. 
PIKE— 13833 
SHELBY— 12862 
Carex  festucacea  Willd. 
MONTGOMERY— 13078 
SHELBY— 12865 
Carex  frankii  Kunth 
SHELBY — 14640 
Carex  granularis  Willd. 
ADAMS — 13843 
BROWN— 13814 
PIKE — 13844 
Carex  graijii  Carey 
BOND-13472 
EFFINGHAM— 13412 
MONTGOMERY— 13051 
SHELBY— 13411 
Carex  grisea  Wahlenb. 
MASON— 12827 
MONTG  OME  BY— 13 023 
Carex  hirsutella  Mack. 

MONTGOMERY— 13021 
Carex  hirtifolia  Mack. 

MONTGOMERY— 13027 
Carex  hitchcockiana  Dewey 
BROWN— 13824 
PIKE— 13790 
Carex  hystricina  Muhl. 
BROWN— 13790 


173 


Carex  interior  Bailey 
FAYETTE— 12842 
Carex  ja?nesii  Schwein. 
MASON— 12849 
MONTGOMERY— 13025 
Carex  lacustris  Willd. 
CALHOUN — 13084 
SCHUYLER— 13812 
SHELBY— 12869 
Carex  laeviconica  Dewey 
BROWN— 13822 
SCHUYLER— 13811 
SHELBY— 13150 
Carex  lanuginosa  Michx. 
BROWN— 13830 
SHELBY— 12798 
Carex  laxiculmis  Schwein. 
ADAMS— 13764 
BROWN— 13774 
PIKE— 13838 
SCHUYLER— 13809 
Carex  leavenworthii  Dewey 
MASON— 12830 
MONTGOMERY— 13020 
Carex  lupulina  Willd. 

BOND— 13052 
BROWN— 13813 
MONTGOMERY— 13180 
Carex  lurida  Wahlenb. 
MONROE — 13228 
SCHUYLER— 13823 
Carex  meadii  Dewey 

MONTGOMERY— 13024 
Carex  molesta  Mack. 

MONTGOMERY— 13032 
Carex  muskingumensis  Schwein. 

ST.  CLAIR— 13288 
Carex  normalis  Mack. 
BROWN— 13815 
MASON— 12859 
MONTGOMERY— 13034 
Carex  pensylvanica  Lam. 

MONTGOMERY— 13019 
Carex  prasina  Wahlenb. 
BROWN— 13778 
HANCOCK— 13766 
SCHUYLER —13797 


Carex  retroflexa  Muhl. 

SHELBY— 12838 
Carex  rosea  Willd. 

SHELBY— 12841 
Carex  scoparia  Schk. 

BOND — 13122 
MONTGOMERY— 13072 
Carex  sparganioides  Willd. 

BROWN— 13776 
MASON— 12904 
Carex  squarrosa  L. 

MONTGOMERY— 13029 
Carex  stipata  Muhl. 

ADAMS— 13842 
PIKE— 13846 
Carex  stricta  Lam. 

MONTGOMERY— 13030 
SHELBY —12799 
Carex  suberecta  (Olney)  Britt. 

MASON— 12885 
Carex  X  subimpressa  Clokey 
MONTGOMERY— 14400 
Carex  swanii  (Fern.)  Mack. 

MONTGOMERY— 13090 
Carex  texensis  (Torr.)  Bailey 
MONTGOMERY— 13168 
Carex  umbellata  Schk. 

MONTGOMERY— 13026 
Carex  vesicaria  L. 

SHELBY— 13127 
Cassia  marilandica  L. 

MONTGOMERY — 13192 
Cassia  nictitans  L. 

FAYETTE— 13947 
MARION— 13274 
Centaurea  maculosa  Lam. 

CHRISTIAN— 13484 
SHELBY— 12932 
Cerastium  brachypetalum  Pers. 
SHELBY— 14309 

Cerastium  nutans  Raf.  var.  brachypodum 
Engelm. 

CHRISTIAN— 14381 
MASON— 1244 

Cerastium  pumilum  W.  Curtis 
BROWN— 14350 
CHRISTIAN— 14320 
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DE  WITT — 14340 
FULTON— 11851 
GREENE —14352 
LOGAN —14323 
MACON— 14220 
MACOUPIN— 14321 
MENARD— 14348 
MONTGOMERY— 14319 
MORGAN— 14349 
MOULTRIE— 14342 
PIATT— 14341 
PIKE— 14346 
SANGAMON —14322 
SCOTT— 14351 
SHELRY —14277 
VERMILION —11659 
Cerastium  tetrandum  M.A.  Curtis 
MACON — 14661 
SHELBY— 14638 

Chaenorrhinum  minus  (L.)  Lange 
BROWN— 13819 
Chenopodium  ambrosioides  L. 
BROWN— 14037 
LA  SALLE— 13707 
MONTGOMERY— 14819 
Chenopodium  standleyanum  Aellen 
BOND— 13310 
BROWN— 14003 
EFFINGHAM— 13447 
SHELBY— 13446 
Chloris  verticillata  Nutt. 

FAYETTE— 13983 
Cirsium  altissimum  (L.)  Spreng. 
MARION— 14936 
MONTGOMERY— 13256 
Cirsium  vulgare  (Savi)  Tenore 
FAYETTE— 13945 

Clematis  dioscoreifolia  Level.  &  Vaniot 
var.  robust  a  (Carr.)  Rehd. 

MONTGOMERY— 13328 
Comandra  richardsiana  Fern. 

MONTGOMERY— 14466 
Commelina  diffusa  Burin,  f. 
CALHOUN— 15001 
CLINTON— 14807 
Commelina  virginica  L. 

FAYETTE— 13977 


Conium  maculatuxn  L. 
MONTGOMERY— 13102 
SHELBY— 12872 

Conobea  multifida  (Michx.)  Benth. 
EFFINGHAM— 13638 
MONTGOMERY— 13326 
Convolvulus  arvensis  L. 

DE  WITT— 12909 
SHELBY— 12894 

Corallorhiza  odontorhiza  (Willd.)  Nutt. 

MONTGOMERY— 13442 
Coreopsis  grandiflora  Hogg 
MONTGOMERY— 13038 
Coronilla  varia  L. 

MONTGOMERY— 13087 
Cory  dal  is  curvisiliqua  Engelm.  var. 
grandibracteata  Fedde 
BROWN— 14345 
CASS— 13532;  14361-14366 
PIKE— 14344 

Corydalis  micrantha  (Engelm.)  Gray 
CALHOUN— 13715 
MONTGOMERY— 14324 
Crepis  tectorum  L. 

MACON— 12866 
Croton  monanthogynus  Michx. 
CHRISTIAN— 13457 
MOULTRIE— 13490 
SHELBY— 13489 
Cuphea  petiolata  Koehne 
SHELBY— 13410 
Cuscuta  gronovii  Willd. 

BOND— 13306 
MONTGOMERY— 13338 
Cynoglossum  officinale  L. 

DE  WITT— 12914 
Cyperus  acuminatus  Torr.  &  Hook. 
MONTGOMERY— 13185 
SCOTT —14996 

Cyperus  densicaespitosus  Mattf.  & 
Kukenth. 

MONTGOMERY— 13482 
Cyperus  erythrorhizos  Muhl. 

MARION— 13287 
Cyperus  filiculmis  Vahl  var. 
macilentus  Fern. 

MONTGOMERY— 13330 
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Cyperus  ovularis  (Michx.)  Torr. 

MONTGOMERY— 131 79 
Cyperus  rivularis  Kunth 
MONTGOMERY— 13325 
SCHUYLER— 13998 

Danthonia  spicata  (L.)  Roem.  &  Schultes 
MONTGOMERY— 13085 
Datura  stramonium  L. 

BOND— 13307 

Desmodium  ciliare  (Muhl.)  DC. 

MONTGOMERY— 13357 
Desmodium  cuspidatum  (Muhl.)  Loud. 

MONTGOMERY— 13249 
Desmodium  marilandicum  (L.)  DC. 

MONTGOMERY— 13237 
Desmodium  sessilifolium  (Torr.) 

Torr.  &  Gray 
MONTGOMERY— 13235 
Dianthus  armeria  L. 

MONTGOMERY— 13091 
Digitaria  ischaemum  (Schreb.)  Muhl. 
ROND— 13308 
CLINTON— 14806 
SHELBY —13292 
Digitaria  villosa  (Walt.)  Pers. 

CASS— 14965 
MASON— 14961 
Dipsacus  laciniatus  L. 

FAYETTE — 15000 
Dracocephalum  parviflorum  Nutt. 

FAYETTE — 14596 
Elaeagnus  umbellata  Thunb. 

MARION— 13746 
Eleocharis  acicularis  (L.)  Roem.  & 
Schultes 

LOGAN— 14768 
Eleocharis  elliptica  Kunth 
MONTGOMERY— 13008 
Eleocharis  ohtusa  (Willd.)  Schult.  var. 
detonsa  Drap.  &  Mohlenbr. 
SCHUYLER— 14000 
Eleocharis  macrostachya  Britt. 

MONTGOMERY— 13035 
Eleocharis  verrucosa  (Svens.)  Harms 
MONTGOMERY— 13119 
Elephantopus  carolinianus  Rausch. 
MONTGOMERY— 13254 


Eleusine  indica  (L.)  Gaertn. 

BOND— 13309 

Eragrostis  frankii  C.A.  Meyer 
LOGAN — 14767 
MARION— 13281 
MONTGOMERY— 13334 
Eragrostis  tricliodes  (Nutt.)  Wood 
LA  SALLE— 13710 
Erigeron  strigosus  Muhl. 

SCHUYLER— 13799 
Erysimum  repandum  L. 
MONTGOMERY— 13792 
SHELBY— 12800 
Eupatorium  coelestinum  L. 

CHRISTIAN— 13384 
Eupatorium  sessilifolium  L. 

SHELBY — 12934 

Festuca  ovina  L.  var.  duriuscula  (L.) 
Koch 

FAYETTE— 13751 
MOULTRIE —14476 
Festuca  paradoxa  Desv. 

MONTGOMERY— 13124 
Fimbristylis  autumnalis  (L.)  Roem.  & 
Schult. 

LOGAN— 14770 
ST.  CLAIR — 14805 
Froelichia  floridana  (Nutt.)  Moq.  var. 
campestris  (Small)  Fern. 

ADAMS— 13845 
BROWN— 1381 7 
Galium  circaezans  Michx. 

SCHUYLER— 13953 
Galium  pedemontanum  (Bellardi)  All. 

FAYETTE— 13740 
Galium  triflorum  Michx. 

MOULTRIE— 13408 
Gaura  parviflora  Dough 
FAYETTE— 13300 
Gentiana  alba  Gray 

MONTGOMERY— 12957 
Gentiana  andrewsii  Griseb. 

CHRISTIAN— 13440 
Aureolaria  grandiflora  (Benth.)  Pennell 
var.  pidchra  Pennell 
BOND— 13313 
MONTGOMERY— 13240 
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Agalinus  tenuifolia  (Vahl)  Raf. 

CLINTON — 14810 
LOGAN —14764 
Geum  laciniatum  Murr. 

BROWN — 13841 
Gratiola  neglecta  Torr. 

MONTGOMERY— 13058 
Gratiola  virginiana  L. 

FAYETTE— 13763 

Hackelia  virginiana  (L.)  I.M.  Johnston 
MONTGOMERY— 13236 
Helianthemum  bicknellii  Fern. 

CHRISTIAN — 13441 
Helianthus  tuherosus  L. 

SCHUYLER— 13966 
Heliotropium  indicum  L. 

BOND— 13683 
H enter ocallis  fulva  (L.)  L. 
MONTGOMERY— 13156 
SHELBY— 12898 
Heracleam  maximum  Bartr. 

FAYETTE— 13761 
MONTGOMERY— 13059 
Hesperis  matronalis  L. 

FAYETTE— 13769 
Heuchera  richardsonii  R.  Br. 

MONTGOMERY— 13069 
Hibiscus  lasiocarpus  Cav. 

BOND— 13318 
EFFINGHAM— 13637 
MONTGOMERY— 13353 
Hibiscus  laevis  All. 

ST.  CLAIR— 13286 
Hibiscus  trionum  L. 

MONTGOMERY—  13349 
Hieracium  gronovii  L. 

MONTGOMERY— 13258 
Humulus  japotiicus  Sieb.  &  Zucc. 

MONTGOMERY— 13337 
Hybanthus  concolor  (T.F.  Forst.)  Spreng. 

SHELBY— 12786 
Hydrophyllum  canadense  L. 

FAYETTE— 13781 

Hypericum  drummondii  (Griev.  &  Hook.) 
Torr.  &  Gray 
MONTGOMERY— 13250 


Hypericum  mutilum  L. 

BOND — 14817 
MONTGOMERY— 13331 
Hypericum  perforatum  L. 

DE  WITT— 12911 
Ipomoea  hederacea  (L.)  Jacq. 

SCHUYLER — 13968 
Ipomoea  lacunosa  L. 

SHELBY— 13327 
Ipomoea  pandurata  (L.) 

G.F.W.  Meyer 
CHRISTIAN — 13401 
MONTGOMERY — 13234 
Ipomoea  purpurea  (L.)  Roth 
BOND— 13432 
EFFINGHAM— 13431 
MONTGOMERY —13329 
Iris  shrevei  Small 
BROWN— 13821 
SCHUYLER — 13810 
Iva  annua  L. 

BOND— 13684 

Juncus  balticus  Willd.  var.  littoralis 
Engelm. 

CHRISTIAN— 13005 
Juncus  brachycarpus  Engelm. 
SHELBY— 13098 

Juncus  effusus  L.  var.  solutus  Fern.  & 
Wieg. 

BROWN— 13780 
DE  WITT— 12916 
Juncus  marginatus  Rostk. 

CHRISTIAN — 13382 
Juncus  nodatus  Coville 
SHELBY— 12919 
Kochia  scoparia  (L.)  Schrad. 
CHRISTIAN— 13393 
EFFINGHAM— 13370 
MONTGOMERY— 13355 
Koeleria  macrantha  (Ledeb.)  Spreng. 

MONTGOMERY— 13703 
Lactuca  canadensis  L. 

MONTGOMERY— 13390 
Lamium  purpureum  L. 

MONTGOMERY— 13061 
Lathy rus  latifolius  L. 
MONTGOMERY— 13202 
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Lechea  mu  cron  at  a  Raf. 

MONROE— 13230 
Leersia  lenticularis  Michx. 

BOND— 13301 
SCHUYLER— 13964 
Leersia  oryzoides  (L.)  Swartz. 

BROWN— 13965 
SCHUYLER— 13955 
Leersia  virginica  Willd. 

BOND— 13302 
Leo  tin  rus  cardiac  a  L. 

BOND — 13467 
EFFINGHAM— 13468 
MONTGOMERY— 13466 
Leptochloa  fascicularis  (Lam.)  Gray 
CHRISTIAN— 13399 
MONTGOMERY— 13182 
Leptoloma  cognatum  (Schult.)  Chase 
MONTGOMERY— 13245 
Lespedeza  cuneata  (Dum.-Cours.)  G.  Don 
CHRISTIAN— 13375 
CLAY— 13368 
MARION— 13367 
MONTGOMERY— 13347 
Lespedeza  procumbens  Michx. 

BROWN— 13961 
SHELBY— 13409 
Lespedeza  repens  (L.)  Bart. 

ST.  CLAIR— 13268 

Lespedeza  striata  (Thunb.)  Hook.  &  Arn. 
CHRISTIAN— 73.984 
SHELBY— 13438 
Lespedeza  stuevei  Nutt. 

FAYETTE— 13289 
Lespedeza  virginica  (L.)  Britt. 

MONTGOMERY— 13241 
Ligustrum  vulgare  L. 

SCOTT— 14570 
Lindertiia  dubia  (L.)  Pennell 
MONTGOMERY— 13186 
Liparis  lilifolia  (L.)  Rich. 

MONTGOMERY— 13165 
Lobelia  inf  lata  L. 

CHRISTIAN— 13374 
Lobelia  spicata  Lam. 

SCHUYLER— 13954 
SHELBY— 12918 


Lonicera  japonica  Thunb. 

BOND— 13433 
CHRISTIAN— 13434 
MONTGOMERY— 13348 
SANGAMON— 13435 
SHELBY— 72933 
Lonicera  maackii  (Rupr.)  Maxim. 

MONTGOMERY— 73755 
Lotus  corniculatus  L. 

DE  WITT— 72972 
MONTGOMERY— 73763 
Lychnis  alba  Mill. 

DE  WITT— 72973 
Lychnis  coronaria  (L.)  Desr. 

MONTGOMERY— 73693 
Lycopersicum  esculentum  L. 

CRAWFORD— 13697 
Ly copus  rubellus  Moench 
BOND— 73364 
Ly  copus  virginicus  L. 

SCHUYLER— 73997 
SHELBY— 72922 
Lysimachia  ciliata  L. 

BROWN— 73939 
SHELBY— 72922 
Malva  neglecta  Wallr. 

FAYETTE— 13782 
MONTGOMERY— 73483 
Melica  nitens  (Scribn.)  Nutt. 
FAYETTE— 73  753 
SHELBY— 12836 

Mentha  arvensis  L.  var.  villosa  (Benth.) 
S.R.  Stewart 

MONTGOMERY— 13247 
Mentha  rotundifolia  (L.)  Huds. 

FAYETTE— 75662 
Mini  ulus  alatus  Ait. 

SHELBY— 73444 
Mimulus  ringens  L. 

MONTGOMERY— 73359 
Mitella  diphylla  L. 

SCHUYLER— 13798 
Monarda  cl ino podia  L. 

EFFINGHAM— 13641 
MONTGOMERY— 73797 
Monotropa  hypopithys  L. 
MONTGOMERY— 73762 
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Morns  alba  L. 

SCHUYLER— 13801 
Muhlenbergia  bushii  Pohl 
EFFINGHAM— 13460 
LA  SALLE— 13711 
MONTGOMERY— 13324 
ST.  CLAIR— 13267 
Muhlenbergia  glabriflora  Scribn. 

MONTGOMERY— 13350 
Muhlenbergia  mexicana  (L.)  Trin. 
BROWN — 14045 
EFFINGHAM —13459 
MARION— 14935 
MONTGOMERY— 13479 
SCHUYLER— 13957 
Muhlenbergia  schreberi  J.F.  Gmel. 
MONTGOMERY— 13261 
SCHUYLER— 13999 
Muhlenbergia  sobol  if  era  (Muhl.)  Trin. 
SCOTT— 14004 

Muhlenbergia  sylvatica  (Torr.)  Torr. 
FAYETTE— 14992 
MONTGOMERY— 14853 
Muhlenbergia  tenuiflora  (Willd.)  BSP. 
MONTGOMERY— 13260 
SHELBY— 13423 
Muscari  botryoides  (L.)  Mill. 

MACON— 11708 
Myosotis  stricta  Link 
FAYETTE— 13969 
Napaea  dioica  L. 

SHELBY— 14639 
Nasturtium  officinale  R.  Br. 

SHELBY— 13784 
Nepeta  cataria  L. 

MONTGOMERY— 13255 
Oenothera  laeiniata  Hill 
BROWN — 14353 
Onoclea  sensibilis  L. 

MOULTRIE— 14916 
Dichanthelium  clandestinum  (L.)  Gould 
ADAMS— 13837 
MONTGOMERY— 13096 
SCHUYLER— 13807 
Dichanthelium  depauperatum  (Muhl.) 
Gould 

BROWN— 13793 


MONTGOMERY— 13054 
SHELBY— 12835 

Dichanthelium  linearifolium  (Scribn.) 
Gould 

FAYETTE — 13754 
Dichanthelium  microcarpon  (Muhl.) 
Mohlenbr 
MARION — 13270 
Panicum  virgatum  L. 

CHRISTIAN— 13378 
MONTGOMERY— 13297 
Paronychia  fastigiata  (Raf.)  Fern. 

MONTGOMERY— 131 78 
Paspalum  ciliatifolium  Michx. 

BOND— 14816 
CHRISTIAN— 13981 
MONTGOMERY— 13332 
Paspalum  laeve  Michx. 

CHRISTIAN— 13982 

Paspalum  pubiflorum  Rupr.  var.  glabrum 
V  asey 

BOND— 13688 
CHRISTIAN— 13980 
Pedicularis  canadensis  L. 

MONTGOMERY— 13088 
Perideridea  americana  (Nutt.)  Reichenb. 

SHELBY— 12868 
Perilla  frutescens  (L.)  Britt. 

MONTGOMERY— 13989 
Phacelia  purshii  Buckley 
SHELBY— 12999 
Phalaris  arundinacea  L. 

MONTGOMERY— 13092 
Phryma  leptostachya  L. 

BOND— 13422 

Phyllanthus  caroliniensis  Walt. 

MONTGOMERY— 12958 
Physalis  pruinosa  L. 

BROWN — 14047 
Poa  annua  L. 

MONTGOMERY— 1301 7 
Poa  sylvestris  Gray 

MONTGOMERY — 13141 
Polanisia  dodecandra  (L.)  DC. 

SHELBY— 13152 
Poly  gal  a  san  guinea  L. 

MACON— 12954 
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Polygonum  cespitosum  Blume 
FAYETTE— 13946 
MONTGOMERY —13992 
Polygonum  amphibium  L. 

SHELBY — 13427 

Polygonum  cuspidatum  Sieb.  &  Zucc. 
BOND— 13296 
BROWN —13959 
FAYETTE— 13942 
MONTGOMERY— 13323 
SCHUYLER— 13960 
Polygonum  erect um  L. 

BOND— 13363 
EFFINGHAM— 13464 
MONTGOMERY— 13336 
Polygonum  hydropiper  L. 

CLINTON— 14809 
FAYETTE— 13944 
Polygonum  lapathifolium  L. 

EFFINGHAM— 13473 
Polygonum  persicaria  L. 

BOND— 13315 
Polymnia  canadensis  L. 

SHELBY— 12935 
Pontederia  cor  data  L. 

ST.  CLAIR— 13285 
Populus  grandidentata  Michx. 

MONTGOMERY— 13153 
Potentilla  argentea  L. 

CASS— 13758 
Potentilla  norvegica  L. 

CLINTON— 14808 
EFFINGHAM— 13452 
MOULTRIE— 13450 
SHELBY— 12880 
Proserpinaca  palustris  L. 

BOND— 14922 
Psoralea  onobrychis  Nutt. 

MONTGOMERY— 13123 
Purrhopappus  carolinianus  (Walt.)  DC 
BOND— 13686 
MONTGOMERY— 13142 
Quercus  lyrata  Walt. 

MASON— 14979 

Ranunculus  laxicaidis  (Torr.  &  Gray) 
Darby 

MONTGOMERY— 13129 


Ranunculus  micranthus  Nutt. 

MONTGOMERY— 13011 
Ranunculus  scerleratus  L. 
BOND— 13040 
MONTGOMERY— 13089 
Rorippa  sessiliflora  (Nutt.)  Hitchc. 

MOULTRIE — 13428 
Rosa  multiflora  Thunb. 

BOND— 13121 
CHRISTIAN— 13373 
MONTGOMERY— 13104 
MOULTRIE —13449 
Rosa  setigera  Michx. 

SCHUYLER— 13840 
Rudbeckia  laciniata  L. 

BOND— 13316 
CHRISTIAN— 13395 
Rudbeckia  subtomentosa  Pursh 
SHELBY— 13216 
Rudbeckia  triloba  L. 

CHRISTIAN— 13379 
Ruellia  strepens  L. 

SCOTT— 14034 
SHELBY— 13415 
Rum  ex  obtusifolius  L. 
MONTGOMERY— 13164 
SCHUYLER— 13806 
Sabatia  campestris  Nutt. 
EFFINGHAM— 13221 
FAYETTE —13219 
MARION— 13218 
Salix  amygdaloides  Anderss. 
FAYETTE— 14268 
MONTGOMERY— 14820 
SHELBY— 14255 
Salix  fragilis  L. 

MACON— 14198 
Salix  rigida  Muhl. 

EFFINGHAM— 13714 
Salsola  ib erica  Sennen  &  Pav. 

CHRISTIAN— 13487 
Sanicula  canadensis  L. 

BROWN— 13794 
Sanicula  gregaria  Bickn. 
CHRISTIAN— 13397 
MONTGOMERY— 13066 
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Sanrnrus  cernuus  L. 

BOND— 13303 

Schizachyrium  scoparium  (Michx.)  Nash 
MONTGOMERY— 13479 
Scirpus  americanus  Pers. 

LOGAN — 14765 
Scirpus  cyperinus  (L.)  Kunth 
BROWN— 13958 
EFFINGHAM— 13371 
Scirpus  fluviatilis  (Torr.)  Gray 
CHRISTIAN— 13702 
DE  WITT— 14019 
Scirpus  micranthus  Vahl 
LOGAN — 14769 
Sedum  telephioides  Michx. 

MONTGOMERY— 13389 
Senecio  aureus  L. 

FAYETTE— 13747 
Senecio  plattensis  Nutt. 

MONTGOMERY— 13014 
Setaria  geniculata  (Lam.)  Beauv. 

MONTGOMERY— 13202 
Seymeria  macrophylla  Nutt. 
EFFINGHAM— 2786 
FAYETTE —13943 
MONTGOMERY— 13233 
Silene  cucubalus  Wibel 
FAYETTE— 13552 
Silene  nivea  (Nutt.)  Otth. 

MONTGOMERY— 13181 
Silphium  integrifolium  Michx. 

SCOTT— 14038 
Silphium  perjoliatum  L. 

CHRISTIAN— 13380 
Sisymbrium  officinale  (L.)  Scop. 
MONTGOMERY— 13157 
SHELBY— 12810 
Sisyrinchium  angustifolium  Raf. 

SHELBY— 12881 
Sisyrinchium  campestre  Bickn. 

MONTGOMERY— 14373 
Sium  suave  Walt. 

SHELBY— 13215 
Smilax  hispida  Muhl. 

SCHUYLER— 13820 
Solanum  rostratum  Dunal 
FAYETTE— 13986 


Euthamia  graminifolia  (L.)  Nutt. 
MOULTRIE— 13407 
SHELBY —13406 
Solidago  patida  Muhl. 

SHELBY — 13439 
Solidago  radula  Nutt. 

MONTGOMERY— 13705 
Solidago  speciosa  Nutt. 

MONTGOMERY— 13388 
Sonchus  asper  (L.)  Hill 
DE  WITT— 12910 
MONTGOMERY —13988 
Sparganium  eurycarpum  Engelm. 
SHELBY— 13097 

Sphenopholis  obtusata  (Michx.)  Scribn. 
var.  major  (Torr.)  Erdman 
BOND — 13045 
MONTGOMERY — 13064 
Spiranthes  cernua  (L.)  Rich. 

MONTGOMERY — 13453 
Spiranthes  lacera  (Raf.)  Raf. 

SHELBY — 13448 
Spiranthes  ovalis  Lindl. 

FAYETTE— 12959 
MASON— 12960 
MONTGOMERY— 12964 
Spiranthes  tuberosa  Raf. 

MONTGOMERY — 13243 
Sporobolus  asper  (Michx.)  Kunth 
SCHUYLER— 13965 
Sporobolus  neglectus  Nash 
CHRISTIAN— 13486 
Stachys  palustris  L.  var.  homotricha  Fern. 

SCHUYLER— 13770 
Stachys  tenuifolia  Willd. 

SHELBY— 12936 
St  ell  aria  graminea  L. 

BOND— 13042 

Strophostyles  helvola  (L.)  Ell. 

BOND— 13312 

Strophostyles  umbellata  (Muhl.)  Britt. 

MONTGOMERY — 13340 
Stylosanthes  biflora  (L.)  BSP. 

MONTGOMERY— 13086 
Taenidia  integerrima  (L.)  Drude 
BROWN — 13744 
MONTGOMERY— 13062 
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Tephrosia  virginiana  (L.)  Pers. 

MONTGOMERY— 13161 
Thalictrum  revolutum  DC. 

MONTGOMERY— 13015 
Thaspium  barbinode  (Michx.)  Nutt. 

MONTGOMERY— 13053 
Thaspium  trifoliatum  (L.)  Gray 
MONTGOMERY— 13043 
Thlaspi  arvense  L. 

RROWN — 13742 
Tilia  americana  L. 

SCHUYLER— 13805 
Torilis  arvensis  (Huds.)  Link 
RROWN— 13816 
SCHUYLER— 13802 
Tragopogon  dubius  Scop. 
MONTGOMERY— 13103 
SHELRY —12801 
Tragopogon  pratensis  L. 

SHELRY— 12802 


Tripsacum  dactyloides  (L.)  L. 

MONTGOMERY— 139.90 
Triticum  cylindricum  (Host)  Ces. 
FAYETTE— 13970 
MONTGOMERY— 13046 
Valerianella  radiata  (L.)  Dufr. 
CHRISTIAN— 14367 
MONTGOMERY— 13067 
Veratrum  woodii  Robbins. 

SHELBY— 13418 
V erbascum  blattaria  L. 

DE  WITT— 12915 
SHELBY— 12874 
Verbesina  alternifolia  (L.)  Britt. 

CHRISTIAN — 13394 
Viola  triloba  Schwein. 

SCOTT— 13745 
Vitis  cinerea  Engelm. 

MONTGOMERY— 13392 
Vulpia  octo flora  (Walt.)  Rydb. 
SCOTT— 13076 
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ABSTRACT 

The  effect  of  soil  and  topographic  factors  on  total  basal  area  was  studied  in 
54  undisturbed,  fully-stocked,  mature  forest  stands  in  the  Illinois  Shawnee  Hills. 
Basal  areas  were  strongly  related  to  effective  soil  depth  (ESD)  and  soil  available 
water  capacity  (AWC)  but  the  relationship  was  curvilinear.  Across  a  range  of  sites, 
basal  area  increased  from  <2  m2/ha  on  extremely  thin  soil  (ESD  <  5  cm;  AWC  < 
2  cm)  to  32  m2/ha  when  ESD  =  100  cm  and  AWC  =  25  cm;  at  higher  values 
basal  area  fluctuated  between  30  and  38  m2/ha.  Transformation  of  soil  data  using 
the  natural  log  changed  the  relationship  to  a  nearly  linear  function  and  resulted 
in  r  values  between  basal  area  and  ESD  and  AWC  of  0.89  and  0.94  (p.  <.01),  respec¬ 
tively.  Moderately  strong  positive  relationships  also  were  found  between  basal  area 
and  transformed  aspect  (r  =  0.72,  p  <.01)  and  slope  position  (r  =  0.65,  p  <.01). 
The  relationship  between  basal  area  and  percent  slope  was  weak  (r  =  0.42,  p  <.05). 
Sites  on  shallow  soil,  on  west,  southwest,  and  south  slopes,  and  in  high  slope  posi¬ 
tions  supported  low  basal  area  stands.  High  basal  area  stands  were  on  deep  soil, 
on  north,  northeast  and  east  slopes,  and  in  the  deeper  coves  and  valleys. 


INTRODUCTION 

Since  1920,  evaluation  of  forest  land  for  its  potential  to  produce  wood  has  been 
based  on  site  index  measurements  but  only  in  the  last  25  years  have  the  problems 
associated  with  use  of  site  index  been  identified.  While  stem  analysis  data  and  poly- 
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morphic  curves  have  resolved  some  problems,  others  continue  including  the  use  of 
site  index  in  stands  that  are  uneven-aged,  of  mixed  composition,  or  have  received 
height  growth  damage  (Monserud  1984).  Furthermore,  stand  density  or  stocking 
level  normally  is  ignored  in  site  index  estimations  yet  it  also  may  have  an  effect  on 
height  growth  (Gaiser  and  Merz  1951). 

A  major  gap  in  site  evaluation  research  has  been  the  absence  of  studies  relating 
site  index  to  stand  volume  or  productivity.  The  presence  of  a  strong  relationship 
has  been  assumed  although  a  few  studies  suggest  that  research  in  this  area  is  needed. 
Assmann  and  Franz  (1963)  found  that  some  spruce  stands  with  the  same  site  index 
had  greatly  differing  volume  yields.  Assmann  (1970)  indicated  that  two  sites  of  the 
same  height  growth  potential  need  not  to  have  the  same  basal  area  growth  potential. 
Curtis  (1972)  states  that  since  height  is  only  one  component  of  volume,  site  index 
is  not  synonymous  with  volume  productivity.  In  view  of  the  possibility  that  site  index 
may  not  be  reliable  in  all  situations,  other  stand  parameters  related  to  site  produc¬ 
tivity  should  be  examined  more  closely. 

A  possible  supplement  or  alternative  to  site  index  data  is  potential  basal  area 
defined  here  as  the  maximum  basal  area  a  mature,  fully-stocked  stand  will  achieve 
within  the  limitations  imposed  by  the  site  environment.  The  basal  area  of  such  stands 
is  a  parameter  that  has  not  been  related  to  stand  volume.  However,  an  examina¬ 
tion  of  any  standard  volume  table  shows  that  for  stems  over  17  cm,  tree  volume 
increases  arithmetically  with  basal  area.  It  follows  that  if  stocking  (stem)  density 
is  related  to  site  quality  a  linear  relationship  between  stand  volume  and  total  basal 
area  should  exist. 

The  purpose  of  the  reseach  reported  here  was  to  (1)  examine  the  relationships 
which  exist  between  the  maximum  basal  area  of  fully-stocked,  undisturbed,  mature 
stands  and  individual  soil  and  topographic  characteristics,  and  (2)  provide  a  bio¬ 
logical  explanation  of  these  relationship. 

THE  STUDY  AREA 

The  research  was  conducted  in  the  Shawnee  Hills  region  that  bisects  the  southern 
tip  of  Illinois.  This  240,000  ha  extension  of  the  Interior  Low  Plateau  is  underlain 
primarily  by  consolidated  Pennsylvanian  and  Mississippian  sandstone.  Topography 
is  gently  to  moderately  rolling  but  sandstone  outcrops  and  cliffs  are  relatively 
common.  A  few  deep,  sheltered  gorges  have  been  cut  by  larger  streams;  relatively 
small  (<3  ha)  terraces  occur  along  stream  margins. 

Bedrock  is  capped  by  a  loess  deposit  which  varies  in  thickness  from  a  few  centi¬ 
meters  in  soil  lenses  on  rock  outcrops  to  over  150  cm  on  low  slopes  and  stream 
terraces.  On  south  slopes  and  ridgetops,  a  fragipan  is  located  at  a  depth  of  38  to 
78  cm.  This  pan  limits  root  penetration  and  has  a  pronounced  effect  on  forest 
development.  The  fragipan  usually  is  deeper  (50  to  120  cm)  on  upper  north  slopes; 
low  north  slopes  and  stream  terraces  usually  have  no  pan  (Fralish  et  al.  1978). 

Annual  precipitation  is  1140  mm  with  65  to  70  percent  occurring  during  the 
180  to  190  day  growing  season.  The  region  is  located  within  the  prairie-forest  border 
region  (Anderson  1983)  where  summer  droughts  of  three  to  five  weeks  may  limit 
tree  growth  and  stand  development. 

The  Shawnee  Hills  forest  has  been  highly  disturbed  by  cutting,  fire,  and  grazing; 
nearly  all  ridgetops  have  been  cleared  for  farming.  Stands  are  dominated  by  five 
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species.  Juniperus  virginiana  is  found  on  soil  lenses  less  than  30  cm  deep  over  bedrock 
and  in  old  fields.  On  west,  southwest,  and  south  slopes,  Q.  stellata  or  Q.  alba  may 
dominate  stands  on  soil  where  the  fragipan  is  less  than  78  cm  deep.  Quercus  stellata 
is  the  major  dominant  on  highly  rocky  soil  (35-60%  stone);  Q.  alba  dominates  on 
soil  of  lower  stone  content  (15-40  % )  and  on  the  somewhat  cooler  south  to  southeast 
slopes.  Quercus  rubra  and  Acer  saccharum  are  restricted  to  moist  northern  slopes 
and  lower  coves.  Stands  of  Q.  rubra  usually  are  located  in  high  slope  positions  while 
A.  saccharum  dominated  stands  are  found  on  middle  to  low  slopes  and  terraces 
(Fralish  1976;  Fralish  et  al.  1978). 


METHODS 

Stand  selection  was  based  on  site  uniformity  and  forest  community  conditions. 
Within  each  stand,  soil  depth,  texture,  and  stoniness,  aspect,  slope  steepness  and 
slope  position  were  uniform.  A  site  with  a  noticeable  variation  in  any  one  factor 
was  rejected.  Forest  communities  were  free  of  cutting,  grazing,  and  fire  and  were 
older  than  100  years.  On  medium  to  good  sites,  the  stands  were  fully-stocked  accord¬ 
ing  to  the  guidelines  of  Roach  and  Gingrich  (1962,  1968).  Selected  stands  on  poor 
sites  where  soil  depth  was  less  than  50  cm  and  rock  content  greater  than  40  percent 
were  understocked  according  to  their  criteria  but  were  considered  fully-stocked  for 
site  conditions  and  used  in  the  study.  No  stands  on  ridgetops  met  the  selection  criteria 
because  of  past  farming  activity.  Stands  were  selected  to  include  the  existing  range 
of  forest  cover  and  site  types.  A  total  of  54  one  to  two  hectare  stands  were  selected 
for  study. 

In  each  stand,  two  or  three  0.04  ha  plots  were  randomly  located  with  a  minimum 
of  24  m  between  plot  centers  and  12  m  between  the  plot  center  and  stand  boundary. 
On  each  plot,  species  and  diameter  to  the  nearest  0.1  cm  at  1.37  m  above  ground 
level  (breast  height)  were  recorded  for  stems  greater  than  9  cm  in  diameter. 

In  each  stand,  one  soil  pit  was  opened  to  a  depth  of  one  meter  or  to  bedrock 
if  nearer  the  surface.  Soil  samples  were  taken  from  each  horizon  for  texture  analysis, 
and  data  on  horizon  type,  depth,  stoniness,  and  effective  soil  depth  were  recorded. 
Effective  soil  depth  (ESD)  coincided  with  tree  root  penetration  to  the  top  of  the 
fragipan,  to  bedrock,  or  to  three  meters  if  penetration  was  unrestricted.  Bulk  density 
samples  were  obtained  using  a  Uhland  core  sampler  or  the  saran  resin  method,  or 
both.  Volume  of  stone  (particle  diameter  >2  mm)  was  estimated  using  the  charts 
of  Yaalon  (1966). 

Soil  texture  and  bulk  density  analyses  followed  the  procedure  recommended 
by  Wilde  et  al.  (1979).  Available  water  capacity  (%)  was  estimated  from  the  model: 


AWC  (Max  %)  =  .26  ( %  silt)  +  6.5  Eq.  (1) 


developed  by  Hill  (1959)  and  converted  to  centimeters  of  water  capacity  by  horizon 
using  the  model  of  Auclair  and  Cottam  (1971)  and  Fralish  and  Loucks  (1975): 

Hor.  AWC  (cm)  =  AWC  (%)  x  BD  x  HW/100  Eq.  (2) 


where  BD  is  bulk  density  and  HW  is  horizon  width  in  centimeters.  Horizon  AWC 
was  adjusted  by  the  percentage  of  stone  in  the  respective  horizon  since  rock  fragments 
were  considered  to  have  no  water  holding  capacity: 
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Adj.  Hor.  AWC  (cm)  =  Horizon  AWC  x  (100—%  Stone).  Eq.  (3) 

Total  available  water  capacity  to  effective  soil  depth  (AWC)  was  obtained  by 
summing  adjusted  horizon  AWC  for  all  horizons  above  the  fragipan  or  bedrock  or 
to  3  meters  in  soil  where  there  was  no  restriction  to  root  penetration. 

Slope  steepness,  PSLOP  (%)  and  aspect  (degrees  azimuth)  were  recorded  on 
all  sites.  Aspect  was  transformed  (TASP)  according  to  the  model  of  Beers,  Dress, 
and  Wensel  (1966):  A1  =  cos  (45  -  A)  +  1,  where  A1  is  the  coded  value  and  A 
is  the  slope  aspect  in  degrees  azimuth  clockwise  from  north.  This  model  assigns  a 
value  of  0.00  to  an  azimuth  of  225  degrees  (southwest)  and  a  maximum  value  of 
2.00  to  an  azimuth  of  45  degrees  (northeast)  with  intermediate  values  assigned  to 
other  azimuths.  A  transformed  value  of  1.00  was  assigned  to  rock  outcrops  and  allu¬ 
vial  sites  since  the  amount  of  solar  radiation  striking  these  horizontal  land  surfaces 
was  considered  to  be  at  an  intermediate  level  between  southwest  and  northeast  slopes. 

Slope  position,  SLOPOS,  was  assigned  a  value  based  on  the  percentage  of  the 
distance  between  the  ridge  (1)  and  the  nearest  permanent  stream  (10).  Distances 
were  measured  from  the  site  or  obtained  from  topographic  maps  for  large  hills  and 
wide  valleys  and  in  complex  topography. 

Plot  basal  area  was  calculated  by  converting  stem  diameter  to  basal  area  and 
summing  for  all  trees  in  a  plot.  Stand  basal  area  was  obtained  by  averaging  basal 
area  values  for  all  plots  in  a  stand.  Stand  basal  area  was  related  to  site  factors  using 
simple  regression  analysis. 


RESULTS 

Stand  basal  area  was  most  strongly  correlated  with  soil  variables  ESD  and  AWC 
although  the  relationship  was  curvilinear  (Figs,  la  and  2a).  Transformation  of  ESD 
and  AWC  data  to  a  natural  log  (In)  base  changed  the  relationship  to  a  nearly  linear 
function  (Figs,  lb  and  2b)  that  increased  the  correlation  coefficient  (r)  between  basal 
area  and  ESD  from  0.81  to  0.89  and  between  basal  area  and  AWC  from  0.82  to 
0.94  (p.  <.01,  n  =  54). 

Correlation  coefficients  between  stand  basal  area  and  the  various  percentages 
of  sand,  silt,  clay  and  stone  and  bulk  density  were  not  significant  (r  <0.29,  p  >.05, 
n  =  54).  The  loessal  soils  of  the  region  vary  from  about  38  to  66  percent  silt  (B2 
horizon),  a  range  that  is  not  sufficient  to  greatly  affect  stand  growth  and  develop¬ 
ment.  These  medium  loam  to  silt  loam  soils  have  good  to  excellent  soil  moisture 
retention  properties  on  a  per  unit  basis.  Using  Eqs.  1  and  2  above,  it  can  be  shown 
that  soils  which  have  38  to  66  percent  silt  in  the  B2  horizon  (bulk  density  =  1.3 
g/cc)  hold  2. 1  and  3. 1  cm  of  water,  respectively,  per  10  cm  of  soil  depth.  As  a  result, 
tree  growth  primarily  becomes  a  function  of  rooting  depth  (effective  soil  depth) 
which  largely  determines  the  amount  of  available  water. 

A  moderately  strong  positive  relationship  (r  =  0.72,  p  <.01,  n  =  54)  was  found 
between  basal  area  and  TASP  (Fig.  3).  Stands  on  north,  northeast,  and  east  slopes 
(TASP  >1.4)  had  basal  areas  greater  than  23  m2/ha  while  southeast,  south,  and 
southwest  slopes  (TASP  <0.6)  supported  stands  with  less  than  25  m2/ha.  The  wide 
range  of  stand  basal  area  values  plotted  above  a  TASP  of  1.0  resulted  from  applying 
this  mid-point  value  to  stands  on  horizontal  land  surfaces.  Included  here  were  low 
basal  area  Juniperus  virginiana  stands  on  thin  soil  lenses  and  high  basal  area  Acer 
saccharum  stands  on  stream  terraces.  Soil  is  the  limiting  factor  in  Juniperus  stands 
regardless  of  slope  position  (SLOPOS  3  to  7)  while  the  deep  soil  and  low  slope  position 
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favor  a  high  basal  area  in  Acer  stands  on  stream  terraces.  On  both  sites,  aspect 
apparently  has  had  little  effect  on  stand  development.  An  analysis  of  the  data 
excluding  these  two  site  types  substantially  increased  the  correlation  coefficient 
(r  =  0.84,  p  <.01,  n  =  41). 

Basal  area  also  was  moderately  strongly  related  to  slope  position  (r  =  0.65, 
<0.01,  n  =  54)  as  stand  basal  area  increased  from  sites  directly  below  the  ridgetop 
to  middle  slopes  to  stream  terraces  (Fig.  4).  Stands  located  on  side  slopes  (SLOPOS 
=  2  to  8)  had  a  relatively  large  range  in  basal  area  for  a  given  slope  position.  Much 
of  this  variation  was  due  to  the  extremely  low  basal  area  (<  10  m2/ha)  of  Juniperus 
stands  whose  development  apparently  was  limited  by  soil  conditions.  However,  an 
additional  analysis  excluding  the  data  for  these  stands  did  not  appreciably  increase 
the  correlation  coefficient  (r  =  0.68,  p  <.05,  n  =  44).  All  stands  on  slope-terrace 
interfaces  (SLOPOS  =  9)  and  stream  terraces  (SLOPOS  =  10)  had  high  basal  areas 
(>24  m2/ha). 

The  correlation  coefficient  between  basal  area  and  PSLOP  was  not  significant 
(p  >.05)  when  the  complete  data  set  was  used  in  the  analysis.  However,  with  data 
from  stands  on  nearly  level  sites  (i.e.,  low  BA  Juniperus  stands  on  soil  lenses  and 
high  BA  Acer  stands  on  stream  terraces)  excluded,  the  correlation  coefficient  of 
-0.42  was  significant  (p  <  .05,  n  =  41).  Generally  as  slope  steepness  increases, 
stand  basal  area  decreases  (Fig.  5). 

DISCUSSION 

Stand  basal  area  was  most  strongly  correlated  with  effective  soil  depth  and  avail¬ 
able  water  capacity.  Effective  soil  depth  is  a  site  variable  that  can  easily  be  measured 
by  a  forest  manager,  but  it  is  not  a  direct  measure  of  available  soil  water  although 
the  two  are  strongly  correlated  (r  =  0.93).  The  single  most  important  requirement 
for  tree  growth  and  development  is  water  (White  1958;  Kramer  1983)  and  thus, 
it  was  felt  that  a  quantitative  measure  of  soil  water  provided  the  best  opportunity 
to  examine  forest  response  in  a  possible  cause-and-effect  relationship. 

In  this  study,  an  accurate  estimate  of  available  soil  water  was  obtained  by  con¬ 
verting  percent  silt,  effective  soil  depth,  bulk  density  and  percent  stone  to  centi¬ 
meters  of  water  within  the  rooting  zone.  Downs  (1976)  reported  that  the  estimate 
of  AWC  (%)  from  Hill’s  model  (Eq.  1)  developed  for  New  England  soil  closely  cor¬ 
responded  to  pressure  plate  values  for  silt  loam  soil  in  the  Shawnee  Hills  so  that 
application  of  the  model  to  this  ecosystem  is  acceptable.  Use  of  Eqs.  (1)  and  (2) 
simplified  the  process  of  obtaining  reliable  data  on  soil  water  capacity  and  provided 
a  parameter  to  which  trees  apparently  respond. 

The  relationship  of  basal  area  to  soil  factors  is  consistent  with  existing  biological 
theory.  The  curvilinear  relationship  between  basal  area  and  ESD  or  AWC  is  a  prac¬ 
tical  example  of  the  general  principle  of  limiting  factors  as  defined  by  Odum  (1971). 
Large  increases  in  basal  area  occur  with  relatively  small  changes  in  soil  volume  until 
ESD  and  AWC  exceed  100  cm  and  25  cm,  respectively.  Thereafter,  the  curve  is 
nearly  asymptotic  as  increases  in  these  variables  have  little  effect  on  the  basal  area 
level  and  stand  development.  This  relationship  is  supported  by  Pienaar  and  Turnbull 
(1973)  who  state  that  there  is  a  limit  to  the  amount  of  live  matter  than  can  be 
sustained  by  a  given  site  and  that  stand  basal  area  will  approach  an  asymptotic  level 
that  is  determined  by  the  productive  capacity  of  the  site.  A  maximum  basal  area 
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of  35  to  38  m2/ha  in  stands  on  the  best  low  north  slopes  and  terrace  sites  slightly 
exceeds  the  average  of  30  m2/ha  (maximum  32  m2/ha)  reported  by  Held  and 
Winstead  (1975)  for  old-growth  stands  on  mesic  sites  in  eastern  United  States. 
It  is  comparable  to  basal  area  noted  by  Whittaker  (1966)  for  stands  in  the  Great 
Smoky  Mountains. 

Soil  water  capacity  is  an  estimate  of  the  maximum  available  water  that  can 
be  stored  while  the  actual  amount  of  water  stored  at  a  given  time  varies.  The  rate 
of  loss  from  the  soil  water  reserve  depends  on  the  extent  that  topography  modifies 
microclimate.  On  north,  northeast,  and  east  slopes,  the  impact  of  solar  radiation 
is  ameliorated.  The  resulting  cool  temperatures  reduce  evapotranspiration  loss  and 
soils  retain  water  for  tree  growth  even  through  extended  drought  periods  (Downs 
1976).  The  surface  of  west,  southwest,  and  south  slopes  are  oriented  nearly  perpen¬ 
dicular  to  incoming  solar  radiation  for  much  of  the  growing  season  and  have  a  higher 
evapotranspiration  loss.  They  dry  more  quickly  and  may  have  several  periods  where 
soil  water  is  below  permanent  wilting  point  (15  bars)  at  all  levels  of  the  rooting 
zone  (Downs  1976);  on  these  slopes,  tree  growth  is  substantially  reduced. 

Slope  position  has  a  similar  effect  on  microclimate.  Sites  in  high  to  mid-slope 
positions  (SLOPOS  =  1  to  5)  have  a  higher  wind  velocity  and  temperature  than 
lower  slopes  (Fralish  and  Downs,  Unpublished  data  ).  Both  factors  contribute  to 
increased  evapotranspiration  and  a  higher  probability  of  soil  drought.  Cool  air  flows 
on  to  middle  and  low  slope  positions  (SLOPOS  =  6  to  10)  thereby  reducing  evapo¬ 
transpiration  loss  and  making  these  sites  more  moist  and  productive. 

CONCLUSIONS 

In  the  Shawnee  Hills,  the  basal  area  of  undisturbed,  fully-stocked,  mature  stands 
is  strongly  related  to  effective  soil  (rooting)  depth,  aspect,  and  slope  position.  These 
factors  determine  the  amount  of  soil  available  water,  rate  of  water  loss  through 
evapotranspiration,  and  ultimately,  site  productivity.  Stand  basal  area  is  not  related 
to  soil  texture  estimates  that  have  been  used  in  many  forest  site  evaluation  and  ecology 
studies.  Basal  area  appears  to  be  more  closely  related  to  site  factors  than  is  site  index; 
therefore,  it  is  suggested  that  in  the  Shawnee  Hills,  evaluation  of  upland  site  produc¬ 
tivity  may  be  improved  by  supplementing  site  index  data  with  basal  area  estimates 
taken  from  mature  or  old-growth  stands  on  comparable  sites. 
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EFFECTIVE  SOIL  DEPTH  (cm) 


LOG  (In)  EFFECTIVE  SOIL  DEPTH 


1.  Stand  basal  area  as  a  function  of  a)  effective  soil  depth,  ESD,  and  b)  log  of  effective  soil  depth, 
InESD. 
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AVAILABLE  WATER  CAPACITY  (cm) 


LOG  (In)  AVAILABLE  WATER  CAPACITY 

2.  Stand  basal  areas  as  a  function  of  a)  soil  av  ailable  water  capacity,  AWC,  and  b)  log  of  soil  available 
water  capacity,  InAWC. 
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3.  Stand  basal  area  as  function  of  transformed  aspect,  TASP. 
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SLOPE  POSITION 

4.  Stand  basal  area  as  a  function  of  slope  position,  SLOPOS. 
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ABSTRACT 

The  effects  of  increasing  acute  underwater  load  on  serum  levels  of  corticosterone, 
creatine  kinase,  lactate  dehydrogenase,  alkaline  phosphatase,  triglycerides,  total 
cholesterol  and  high-density  lipoprotein  cholesterol  were  determined  in  36  adult 
male  rats  that  were  separated  equally  into  the  non-swimming,  1,  10,  17,  24  and 
>24  repetitions  of  underwater  swimming  groups.  At  the  conclusion  of  the  group 
number  of  underwater  swimming  repetitions,  blood  samples  were  collected  by 
decapitation,  and  then  centrifuged  for  analysis  of  the  serum  by  radioimmunoassay 
and  enzymatic  procedures.  Mean  serum  levels  of  corticosterone  in  the  1  (x±SE: 
645  ±  80  ng/ml),  10  (638  ±  94  ng/ml),  17,  (532  ±  19  ng/ml),  24  (648  ±  47  ng/ml)  and 
>24  (519  ±  66  ng/ml)  repetitions  of  UWS  groups  were  significantly  (P<0.05)  greater 
than  in  non-swimming  (193  ±  70  ng/ml)  group.  Mean  serum  levels  of  creatine  kinase 
in  the  >24  (4414  ±  270  U/l)  repetitions  of  underwater  swimming  group  were  signi¬ 
ficantly  (P<0.05)  higher  than  in  the  non-swimming  (3568  ±  229  U/l),  1  (3564  ±  473 
U/l),  10  (2665/236)  U/l),  17  (2520  ±  227  U/l)  and  24  (2479  ±  379  U/l)  repetitions  of 
underwater  swimming  groups.  Mean  serum  levels  of  lactate  dehydrogenase  in  the 
>24  (1631  ±  452  U/l)  repetitions  of  underwater  swimming  group  were  significantly 
(P<0.05)  elevated  above  the  non-swimming  (702  ±  143  U/l),  1  (685  ±  137  U/l),  10 
(609  ±  129  U/l),  17  (483  ±  142  U/l)  and  24  (673  ±  50  U/l)  repetitions  of  underwater 
swimming  groups.  On  the  other  hand,  underwater  swimming  had  minimal  effect 
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on  serum  levels  of  alkaline  phosphatase,  triglycerides,  total  cholesterol  and  high- 
density  lipoprotein  cholesterol.  These  data  indicate  that  one  session  of  underwater 
swimming  may  illicit  adaptive  and  maladaptive  responses. 

INTRODUCTION 

Investigators  (Atha,  1982;  Clarke,  1974;  Hakkinen,  1985;  Hoeger  et  al.,  1987) 
have  demonstrated  that  performance  of  vigorous  movements  may  be  improved  by 
resistance  training;  however,  the  mechanisms  of  adaptation  and  maladaptation  to 
intense  exercise  stress  are  not  clearly  understood.  On  the  other  hand,  studies  (Brooks, 
1985;  Costill  et  al.,  1983;  Davis,  1985;  Gollnick  et  al.,  1986;  Jones  and  Ehrsam, 
1983;  Pimental  et  al.,  1984)  have  shown  that  high  intensity  exercise  stimulates 
anaerobic  glycolysis  production  of  lactic  acid  in  skeletal  muscle.  Garcy  (1985) 
reported  that  mean  plasma  levels  of  lactic  acid  were  elevated  in  adult  male  rats 
engaged  in  single  bouts  through  exhaustive  repetitons  of  underwater  swimming 
(UWS);  however,  the  knowledge  gained  from  the  study  provides  a  narrow  scope 
of  understanding  UWS  stress.  Therefore,  the  present  investigation  was  undertaken 
in  order  to  determine  the  effects  of  increasing  acute  UWS  load  on  serum  levels  of 
corticosterone,  creatine  kinase  (CK),  lactate  dehydrogenase  (LDH),  alkaline  phos¬ 
phatase,  triglycerides  (Tg),  total  cholesterol  (T-C)  and  high-density  lipoprotein 
cholesterol  (HDL-C). 


MATERIALS  AND  METHODS 

Thirty-six  adult  male  Harlan  Sprague  Dawley  rats,  Indianapolis,  Indiana, 
weighing  175-199  g,  were  housed  in  a  controlled  environment  animal  facility  at 
22  ±  1  °C,  with  12  h  of  light  and  12  h  of  darkness,  and  supplied  with  Certified  Purina 
Rodent  Chow  and  water  ad  libitum.  The  animals  were  separated  equally  into  the 
non-swimming  (NS),  1,  10,  17,  24  and  >24  repetitions  of  UWS  groups.  The  UWS 
protocol  and  procedure  for  collection  of  blood  samples  were  described  in  previous 
studies  (Garcy,  1982;  Garcy,  1985).  Serum  samples  (1-2  ml)  were  stabilized  by  freez¬ 
ing  ( -  20°C)  or  refrigeration  (2-8°C),  and  assayed  within  48  h  for  tissue  enzymes 
and  lipids.  Serum  Levels  of  corticosterone  were  determined  by  the  radioimmunoassay 
procedure  of  Radioassay  Systems  Laboratories,  Inc.,  Carson,  California.  Tissue 
enzymes  and  lipids  were  assayed  according  to  the  enzymatic  methods  of  Gemstar, 
Electro-Nucleonics,  Inc.,  Fairfield,  New  Jersey. 

The  data  were  evaluated  by  one  way  analysis  of  variance.  Statistical  significance 
(P<0.05)  of  differences  in  means  was  determined  by  the  protected  t-test. 

RESULTS 

Mean  serum  levels  of  corticosterone,  CK,  LDH,  alkaline  phosphatase,  Tg,  T-C 
and  HDL-C  are  presented  in  Figs.  1,  2  and  3.  Data  in  Fig.  1  indicate  that  serum 
levels  of  corticosterone  in  the  1  (x  ±  SE:  645  ±  80  ng/ml),  10  (638  ±  94  ng/ml),  17 
(532  ±  19  ng/ml),  24  (648  ±  47  ng/ml)  and  >24  (519  ±  66  ng/ml)  repetitions  of  UWS 
groups  were  significantly  (P<0.05)  higher  than  in  the  NS  (193  ±  70  ng/ml)  group. 
Furthermore,  the  corticosterone  levels  in  the  UWS  groups  were  not  significantly 
(P>0.05)  different. 


Fig.  2  shows  that  mean  serum  levels  of  CK,  LDH  and  alkaline  phosphatase 
remained  unchanged  or  decreased  in  the  1,  10,  17  and  24  repetitions  of  UWS  groups, 
whereas  enzyme  levels  remained  unchanged  or  increased  in  the  >24  repetitions  of 
UWS  group.  Mean  serum  levels  of  CK  in  the  >24  (x  ±  SE:  4414  ±  270  U/l)  repetitions 
of  UWS  group  were  significantly  (P<0.05)  higher  than  in  the  NS  (3568  ±  229  U/l), 
1  (3564  ±  473  U/l),  10  (2665  ±  236  U/l),  17  (2520  ±  227  U/l)  and  24  (2479  ±  379  U/l) 
repetitions  of  UWS  groups.  On  the  other  hand,  serum  levels  of  CK  in  the  10,  17 
and  24  repetitions  of  UWS  groups  were  significantly  (P<0.05)  lower  than  in  the 
NS  and  24  repetitions  of  UWS  groups,  whereas  CK  levels  in  the  NS  and  24  repetitions 
of  UWS  groups  were  not  significantly  (P<0.05)  different. 

Fig.  2  shows  that  mean  serum  levels  of  LDH  in  the  >24  (x  ±  SE:  1631  ±  452  U/l) 
repetitions  of  UWS  group  were  significantly  (P<0.05)  higher  than  in  the  NS 
(702  ±  143  U/l),  1  (685  ±  137  U/l),  10  (609  ±  129  U/l),  17  (483  ±  142  U/l)  and  24 
(673  ±  50  U/l)repetitions  of  UWS  groups.  Furthermore,  serum  levels  of  LDH  in  the 
1,  10,  17  and  24  repetitions  of  UWS  groups  were  not  significantly  (P>0.05)  different 
from  the  NS  group.  Moreover,  alkaline  phosphatase  levels  in  the  NS  (339  ±  44  U/l), 
1  (360  ±42  U/l),  10  (350  ±54  U/l),  17  (387  ±  39  U/l),  24  (386  ±75  U/l)  and  >24 
(390  ±  54  U/l)  repetitions  of  UWS  groups  were  not  significantly  (P>0.05)  different. 

Mean  serum  levels  of  Tg,  T-C  and  HDL-C  as  demonstrated  in  Fig.  3  remained 
similar  to  those  in  the  NS  group.  Serum  levels  of  Tg  in  the  NS  (x  ±  SE:  53  ±  10  mg/dl), 
1  (74  ±  10  mg/dl),  10  (61  ±  7  mg/dl),  17  (56  ±  10  mg/dl),  24  (60  ±  8  mg/dl)  and  >24 
(66  ±21  mg/dl)  repetitions  of  UWS  groups  were  not  significantly  (P>0.05)  different. 
Furthermore,  serum  levels  of  T-C  were  not  significantly  (P>0.05)  different  in  the 
NS  (79  ±  4  mg/dl),  1  (82  ±  4  mg/dl),  10  (74  ±  5  mg/dl),  17  (77  ±  12  mg/dl),  24  (80  ±  7 
mg/dl)  and  >24  (86  ±  13  mg/dl)  repetitions  of  UWS  groups.  Moreover,  serum  levels 
of  HDL-C  were  not  significantly  (P>0.05)  different  in  the  NS  (43  ±  13  mg/dl), 
1  (40  ±  6  mg/dl),  10  (40  ±  8  mg/dl),  17  (44  ±  7  mg/dl),  24  (48  ±11  mg/dl)  and  >24 
(54  ±  16  mg/dl)  repetitions  of  UWS  groups. 
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Fig.  1.  Mean  serum  levels  of  corticosterone  (ng/ml)  in  the  non-swimming  (NS),  1,  10,  17,  24  and  >24 
repetitions  of  underwater  swimming  groups.  Bars  with  vertical  lines  indicate  the  means  ± 
standard  errors. 
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Fig.  2.  Mean  serum  levels  of  creatine  kinase  (CK),  lactate  dehydrogenase  (LDH)  and  alkaline  phosphatase 
(ALKPHOS)  (U/l)  in  the  non-swimming  (NS),  1,  10,  17,  24  and  >24  repetitions  of  under  swimming 
groups.  Bars  with  vertical  lines  indicate  the  means  ±  standard  errors. 
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Fig.  3.  Mean  serum  levels  of  triglycerides  (Tg),  total  cholesterol  (T-C)  and  high  density  lipoprotein 
cholesterol  (HDL-C)  (mg/dl)  in  the  non-swimming  (NS),  1,  10,  17,  24  and  >24  repetitions  of 
underwater  swimming  groups.  Bars  with  vertical  lines  indicate  the  means  ±  standard  errors. 
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DISCUSSION 

The  elevated  serum  levels  of  corticosterone  reported  herein  (Fig.  1)  are  in 
accordance  with  adrenocorticoid  values  published  elsewhere  for  animals  and  humans 
performing  high  intensity  and  long-term  exercise  (Davies  and  Few,  1973;  O'Connor 
and  Corrigan,  1987;  Ronkainen  et  ah,  1986;  Terjung,  1980;  Tharp  and  Buuck,  1974). 
Moreover,  the  uniform  elevation  of  corticoid  in  the  single  bout  through  exhaustive 
repetitions  of  UWS  groups  (Fig.  1)  indicates  that  the  exercise  stimulates  high  level 
adrenocortical  activity.  Although,  reduced  blood  glucose  is  known  to  increase  cor¬ 
ticosterone  levels,  Garcy  (1985)  reported  stable  to  elevated  plasma  glucose  in  UWS 
male  rats,  suggesting  that  underwater  contraction  of  muscle  is  a  potent  stressor  of 
the  adrenal  cortex.  The  adaptive  significance  of  corticosterone  in  UWS  may  be  in 
maintaining  an  adequate  supply  of  substrate  for  repeated  muscle  contractions. 

The  increased  serum  levels  of  CK  and  LDH  noted  in  exhaustive  UWS  (Fig.  2) 
have  been  demonstrated  in  animals  and  humans  undergoing  irreversible  tissue 
maladaptation  incurred  by  performing  alternative  forms  of  severe  exercise  (Deldar 
et  al.,  1982;  Holly  et  ah,  1986;  Rogers  et  ah,  1985).  Furthermore,  the  increased 
values  of  CK  and  LDH  in  contrast  to  stable  values  of  alkaline  phosphatase  suggest 
maladaptation  to  severe  UWS  stress  in  tissues  such  as  skeletal  and  cardiac  muscles. 
On  the  other  hand,  the  stabilized  or  reduced  levels  of  CK,  LDH  and  alkaline  phos¬ 
phatase  in  single  bouts  and  repetitions  of  UWS  indicates  that  the  anaerobic  exercise 
stress  does  not  induce  irreversible  tissue  maladaptation. 

Long-term  vigorous  exercise  has  been  shown  to  alter  blood  levels  of  Tg,  T-C 
and  HDL-C  (Blessing  et  al.,  1987;  Durstine  et  al.,  1985;  Haskell,  1985;  Johnson 
et  al.,  1982;  Leeds  et  al.,  1986;  Naveri  et  al.,  1985;  Savage  et  al.,  1986;  Tran  et 
al.,  1983).  On  the  other  hand,  serum  levels  of  lipids  in  the  UWS  and  NS  groups 
were  similar  (Fig.  3),  suggesting  that  stability  of  lipids  may  be  associated  with 
anaerobic  exercise  utilization  of  glucose  (Gollnick  and  Hermansen,  1973;  Gollnick, 
1982;  Sjodin  and  Svedenhas,  1985)  or  insufficient  duration  of  exercise  to  compromise 
steady  state  lipid  metabolism. 

In  conclusion,  the  results  from  this  study  indicate  that  increments  in  acute  UWS 
load  illicits  responses  of  metabolic  adaptation,  whereas  exhaustive  UWS  imposes 
maladaptive  stress  on  tissues. 
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ABSTRACT 

NAPRALERT,  a  specialized  data  base,  can  provide  researchers  with  prelimi¬ 
nary  ethnomedical  and  scientific  data  to  aid  in  selecting  natural  products  with  a 
potential  for  yielding  useful  biologically  active  agents.  The  data  base  is  a  compilation 
of  published  papers,  coded  and  sorted  for  retrieval  by  a  sophisticated  computer 
system.  A  researcher  can  generate  either  a  detailed  profile  or  a  simple  bibliography 
based  on  interest  or  need.  Examples  of  applications  in  various  areas  of  medical 
research  include  use  by  the  National  Cancer  Institute,  the  World  Health  Organiza¬ 
tion,  UNESCO  and  others. 

Mankind’s  development  of  medical  science  is  richly  laced  with  anecdotes  of  the 
“healing”  potions  of  folklore  becoming  today’s  commonly  accepted  remedies.  The 
Peruvian  Cinchona  bark  drink,  used  by  Indians  as  a  treatment  for  fevers 
(Wheelwright,  1974),  led  to  the  discovery  of  quinine  and  quinidine,  two  widely 
used  therapeutic  agents.  More  recently,  researchers  reviewed  15th  century  literature 
and  discovered  a  sweet  plant  that  yielded  hernandulcin  (Compadre  et  al.,  1985), 
a  sweetening  agent  of  great  potential.  There  are  literally  hundreds  of  other  examples. 

Of  the  estimated  750,000  higher  plants  existing,  a  large  number  have  been  used 
in  traditional  medicine,  and  few  of  these  have  been  scientifically  evaluated.  With 
the  estimated  loss  of  over  1,000  species  per  year  due  to  destruction  of  habitat,  it 
is  most  urgent  to  identify  and  protect  those  species  which  have  the  potential  of 
supplying  the  world  with  new  therapeutic  agents. 


Presented  at  the  78th  annual  Illinois  State  Academy  of  Science  meeting,  April,  1985. 


203 


204 


Traditional  methods  of  identifying  natural  products  with  useful  biological 
activity  (phytochemical  screening,  pharmacological  screening  and  ethnomedical 
reputation)  are  expensive,  time  consuming,  and  each  has  drawbacks.  In  today’s 
world,  researchers  cannot  afford  the  time  or  funds  to  pursue  all  these  methods  exten¬ 
sively  for  each  species. 

If  a  researcher  could  base  selection  of  natural  products  to  be  screened  on  a  solid 
search  of  ethnomedical  and  scientific  material,  the  probability  of  isolating  active 
therapeutic  agents  should  be  greatly  enhanced.  At  the  Program  for  Collaborative 
Research  in  the  Pharmaceutical  Sciences  (PCRPS),  University  of  Illinois  at  Chicago, 
a  specialized  data  base  has  been  developed  to  meet  this  need. 

NAPRALERT,  an  acronym  for  NAtural  PRoducts  ALERT,  is  a  specialized  com¬ 
puter  data  base  containing  the  world  literature  on  natural  product  chemistry  and 
pharmacology. 

Material  for  entry  in  the  NAPRALERT  system  is  collected  from  thousands  of 
current  scientific  journals  that  have  been  found  to  contain  a  majority  of  pertinent 
natural  product  information.  International  contacts  and  research  activities  have 
allowed  access  to  important,  but  normally  unavailable  journals  from  many  foreign 
countries.  Articles  containing  information  on  all  organism  classes,  the  presence  of 
secondary  chemical  constituents  in  natural  products,  or  results  of  testing  natural 
products  for  any  type  of  biological  activity  are  regularly  included,  as  are  folkloric 
and  ethnomedical  information.  In  addition  to  current  literature  (from  1975), 
retrospective  literature  searches  on  2,000  individual  topics  (plant  and  animal  genera, 
pure  compounds  and  specific  pharmacological  activities)  have  been  carried  out 
and  the  data  computerized.  Some  records  from  1650  and  earlier  are  contained 
in  NAPRALERT. 

Current  data  compiled  from  scientific  articles,  books,  symposia,  and  abstracts 
are  stored  in  four  distinct  record  types  -  demographic,  taxonomic,  chemical,  and 
pharmacologic.  These  record  types  are  further  classified  under  70  field  names  or 
categories.  Such  a  comprehensive  information  storage  system  allows  for  retrieval 
of  even  the  most  detailed,  specialized  format. 

Selected  articles  are  prepared  for  data  entry  by  a  four  step  process: 

Step  1  -  Demographic  record  -  includes  the  full  title,  all  authors,  journal  infor¬ 
mation,  language  in  which  the  article  is  published,  author 
address,  secondary  source  information  and  other  miscellaneous 
information.  Each  article  also  receives  a  unique  NAPRALERT 
citation  number. 

Step  2  -  Organism  record  -  the  taxonomic  record  includes  organism  class, 
family,  genus,  species,  species  authority,  subspecies,  subspecies 
authority,  common  name,  taxon  synonym,  organism  part 
studied,  condition  of  part,  and  the  country  and  geographic  area 
where  the  organism  was  collected. 

Step  3  -  Chemical  record  -  provides  the  compound  name,  method  by  which 
the  compound  was  isolated  and/or  identified,  and  the  com¬ 
pound  code.  The  compound  code  is  a  unique  alphanumeric 
NAPRALERT  code  which  describes  the  chemical  class,  carbon 
skeleton,  and  functional  groups  present. 
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Step  4  -  Pharmacology  record  -  indicates  the  type  of  work  (in  vitro,  in  vivo, 
in  situ,  in  human)  pharmacological  activity  tested  (over  2000 
different  activities  are  coded  ranging  from  general  system  to 
specific  biochemical  effects),  special  experimental  designs  and 
modifications,  type  of  extract  used,  mode  of  administration, 
animal  model,  if  any,  dose  and  dosing  schedule,  qualitative 
and  quantitative  results,  and  substrate  employed.  In  addition, 
when  pure  compounds  are  isolated,  the  yield  of  each  compound 
is  also  coded. 

Individual  records  are  tied  together  for  each  entry  through  the  unique  citation 
number  assigned  to  each  article,  and  an  “occurrence"  number  is  created  for  each 
record  type.  For  rapid  retrieval,  data  are  stored  using  the  indexed  sequential  access 
method  (ISAM). 

Each  step  in  the  coding  process  is  supervised  and  reviewed  by  qualified  experts 
on  staff  in  the  NAPRALERT  program.  Coded  data  are  checked  for  accuracy  and 
then  entered  in  the  data  base.  For  example,  the  accuracy  of  natural  product 
identification  given  in  an  article  is  verified  by  one  of  the  taxonomists  on  staff.  When 
a  plant  has  been  labeled  with  several  Latin  binomials  or  identified  by  more  than 
one  authority,  a  botanist  will  code  the  data  indicating  the  recognized  name  and 
authority.  Synonymous  names  are  cross-referenced  allowing  data  retrieval  given  a 
taxon  synonym.  Computerized  data  are  proofread  before  posting  to  the  main 
NAPRALERT  system.  There  is  also  a  proofreading  phase  built  into  the  pre-posting 
process  which  enables  the  computer  to  call  attention  to  possible  coding  and/or 
typographical  errors  and  allows  for  a  high  degree  of  integrity  in  the  data  base. 

Original  articles  on  which  the  coding  is  based,  are  kept  on  file  and  can  be  referred 
to  should  questions  arise  regarding  some  part  of  the  computerized  information. 
Copies  of  articles  can  be  provided,  at  cost,  to  users  who  request  this  service. 

Formatted  information  on  almost  any  subject  concerning  natural  products  can  be 
retrieved,  but  the  three  most  common  formats  requested  by  users  are  the  ethnomedical, 
pharmacological  and  chemical  profiles.  An  ethnomedical  profile  provides  full  organism 
information,  including  genus  and  species  selected,  synonymous  names  which  alert 
the  user  to  the  fact  of  their  existence,  family  name,  organism  part  and  its  condition, 
and  the  geographic  location  of  the  sample.  Common  names  (in  several  languages), 
and  ethnomedical  uses  are  also  reported.  A  complete  list  of  literature  citations  provides 
the  user  with  the  NAPRALERT  citation  number  and  a  complete  bibliography. 

A  pharmacological  profile  lists  the  full  organism  information  mentioned  above, 
type  of  pharmacologic  activity  tested,  type  of  extract  tested,  mode  of  administration, 
animal  model  or  substrate/tissue/cell/tumor  system,  dose  employed,  and  qualitative 
and  quantitative  results.  A  list  of  literature  citations  provides  the  user  with  the 
complete  bibliography, 

The  chemical  profile  details  all  secondary  constituents  reported  to  be  present 
in  or  isolated  from  the  plant,  microbe,  or  animal  in  question,  and  provides  the  name 
of  the  constituent,  major  chemical  class,  part  of  the  organism  containing  the  con¬ 
stituent,  percentage  yield  of  constituent  (if  known),  and  geographic  location  of  the 
sample.  A  complete  NAPRALERT  bibliography  is  again  included. 

There  are  a  wide  range  of  applications  for  a  data  base  such  as  NAPRALERT, 
several  examples  of  use  in  identifying  active  therapeutic  natural  products  follow. 
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1) .  The  World  Health  Organization  (WHO)  a)The  Task  Force  on  Plants 
for  Fertility  Regulation  has  used  the  NAPRALERT  facilities  to  systematically 
search  and  analyze  folkloric  and  scientific  information  using  a  point  system 
based  on  several  criteria  to  select  the  most  promising  indigenous  plants  useful 
for  fertility  regulation;  b)  The  Task  Force  on  Tropical  Diseases  has  con¬ 
ducted  a  study  of  natural  products  which  have  several  activities  and  may 
be  used  in  preventing  the  spread  of  diseases  such  as  malaria,  leprosy,  filari- 
asis,  and  schistosomiasis  in  developing  countries;  c)  The  Traditional 
Medicine  Program  has  sponsored  numerous  inquires  for  information  to 
scientists  interested  in  collecting  and  studying  the  practices  of  Traditional 
Medicine  in  Africa,  South  America,  China,  India,  the  U.S.A.,  and  other 
countries.  The  development  of  useful  inexpensive  medicines  to  provide 
“health  for  all"  by  the  year  2000  is  the  goal  of  WHO. 

2) .  UNESCO  —  in  an  effort  to  make  available  to  scientists  in  developing 
countries  information  on  plants  with  potential  therapeutic  value,  UNESCO 
has  used  NAPRALERT  to  compile  all  available  folkloric  and  published  infor¬ 
mation  on  monocots,  dicots  and  gymnosperms.  This  project  is  in  its  final 
stages  and  should  result  in  a  reference  source  of  world-wide  importance. 

3) .  National  Cancer  Institute  —  Since  1978,  a  regular  surveillance  of  current 
literature  for  newly  identified  compounds  and  very  current  experimental 
data  on  extracts  and  pure  compounds  having  antitumor,  cytotoxic,  and/or 
related  activities  has  been  conducted  by  the  NAPRALERT  system. 

4) .  King  Abdulaziz  University  has  contracted  with  NAPRALERT  for  a 
complete  book  on  the  600-700  plants  used  medicinally  in  Saudi  Arabia  and 
South  Yemen.  This  book  will  contain  full  taxonomic  descriptions,  ethno- 
medical  uses  and  biological  and  chemical  activities  for  all  native  or  imported 
plants  known  to  be  used  in  the  region. 

5) .  Other  Users  —  requests  from  a  variety  of  other  users  have  been  received 
including  FDA,  The  London  Times,  several  herbal  companies,  and  indi¬ 
vidual  researchers.  These  requests  generally  ask  for  complete  information 
on  specific  plants,  compounds  or  activities.  The  information  provided  has 
been  used  for  television  shows,  popular  articles,  books,  development  of 
consumer  products,  research  papers,  and  scientific  presentations. 

Past  and  current  use  indicates  that  NAPRALERT  fulfills  a  vital  role  in  the  search 
for  active  therapeutic  natural  products. 
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ABSTRACT 

A  limited  survey  of  bats  in  eastern  Pike  County  was  conducted  during  the 
summer  of  1981  with  89  bats  of  nine  species  examined.  Notable  captures  included 
two  Indiana  bats  (Myotis  sodalis)  and  one  gray  bat  ( Myotis  grisescens),  both  endan¬ 
gered  species.  Three  additional  Indiana  bats  were  found  roosting  on  outer  building 
walls  in  Macomb,  McDonough  County  between  1980  and  1983.  Suitable  maternity 
roost  habitat  is  present  in  west-central  Illinois  for  the  Indiana  bat.  Additionally, 
the  southern  breeding  range  of  the  silver-haired  bat  ( Lasionycteris  noctivagans) may 
extend  into  west-central  Illinois. 

INTRODUCTION 

At  least  11  species  of  bats  occur  in  west-central  Illinois,  but  little  is  known  about 
their  summer  ecology  (Hoffmeister  and  Mohr,  1957).  Two  species,  the  Indiana  bat 
(Myotis  sodalis)  and  gray  bat  (M.  grisescens)  possess  federal  endangered  species  status 
(Thom,  1981).  Numerous  studies  have  been  conducted  in  Illinois  since  their  endan¬ 
gered  status  to  survey  potentially  suitable  habitats  and  assess  the  impact  of  habitat 
alteration  by  various  highway  and  construction  projects  (e.g.,  Brack,  1979;  Gardner 
and  Gardner,  1980;  Dunstan  and  Warnock,  1981;  Gardner  and  Taft,  1983;  1984). 
This  paper  summarizes  bat  data  collected  in  west-central  Illinois  by  the  authors 
and  others  at  Western  Illinois  University  (WIU)  between  1980  and  1983. 


Current  address:  Division  of  Biolog>r — Ackert  Hall,  Kansas  State  University,  Manhattan,  Kansas  66506. 

2Current  address:  Oklahoma  Cooperative  Fish  and  Wildlife  Research  Unit,  Oklahoma  State  University, 
Stillwater,  Oklahoma  74078. 
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MATERIALS  AND  METHODS 

Six  sites  in  Pike  County,  Illinois  were  surveyed  for  bats  during  the  summer  and 
autumn  of  1981.  Limestone  Mine  Cave  and  Twin  Culvert  Cave  were  searched  on 
16  October  1981  between  1200  and  1600  hrs  and  bats  were  collected  by  hand  from 
cave  ceilings,  identified,  and  released. 

Bats  were  mist-netted  11  nights  at  four  sites  in  eastern  Pike  County  near  the 
Illinois  River;  one  night  at  Flint  Creek  (5  September),  six  at  Napoleon  Hollow  (20-21 
June,  3-5  July,  and  19  August),  two  at  South  Border  Road  (17-18  July),  and  two 
at  Florence  (6  and  11  September).  We  used  single  and/or  tiered  mist  nets  (5.5,  9.1, 
or  12.8  m)  erected  perpendicular  to  fly  ways  at  least  partially  enclosed  by  vegetation. 
Nets  were  monitored  at  15-minute  intervals  each  night  for  a  minimum  of  three  hours 
past  sunset  or  until  sunrise,  except  during  inclement  weather.  Data  collected  for 
each  individual  included  sex,  age,  weight,  and  reproductive  condition.  Brief  descrip¬ 
tions  of  mist  net  locations  are  provided  below  (see  Henry  and  Henry,  1981;  Ives, 
1981  for  details). 

Incidental  sightings  of  bats  were  reported  to  the  Department  of  Biological 
Sciences  (WIU)  by  residents  of  Macomb,  McDonough  County  during  1980-1983. 
These  bats  were  removed  from  buildings,  identified,  and  released  outside  the 
city  limits. 


SITE  DESCRIPTIONS 

Flint  Creek  (SE1/4,  Sec.  19,  T4S,  R2W). — Nets  were  erected  on  the  floodplain 
of  Flint  Creek.  Silver  maple  (Acer  saccharinum),  American  elm  (Ulmus  americana) , 
bur  oak  (Quercus  macrocarpa ),  red  oak  (Q.  rubra),  and  shagbark  hickory  (Carya 
ovata)  were  the  prevalent  overstory  trees.  The  bottomland  was  heavily  grazed  and 
little  understory  vegetation  was  present.  Adjacent  hillsides  were  wooded  (oak-hickory 
complex;  see  Ives,  1981)  and  had  a  brushy  understory. 

Napoleon  Hollow  (SE1/4,  Sec.  29,  T4S,  R2W). — This  site  was  located  in  the 
Pike  County  Conservation  Area  (PCCA).  Nets  were  placed  across  an  intermittent 
upland  creek  and  dirt  road.  Dominant  trees  included  silver  maple,  cottonwood 
(Populus  deltoides),  red  oak,  American  elm,  and  black  walnut  ( Juglans  nigra).  A 
dense  understory  of  young  canopy  trees,  dogwood  (Comas  spp.),  and  aromatic  sumac 
(Rhus  aromatica)  was  present. 

South  Border  Road  (SW1/4,  Sec.  33,  T4S,  R2W). — Nets  were  erected  across 
a  7-m  wide  dirt  road  in  PCCA.  Shagbark  hickory,  American  elm,  red  oak,  and  bass¬ 
wood  were  the  prevalent  trees  and  provided  complete  canopy  coverage  over  the 
nets.  Common  woody  understory  species  included  dogwood,  boxelder  (A.  negundo ), 
hackberry  (Celtis  occidentalis) ,  and  small  canopy  trees. 

Florence  (NW1/4,  Sec.  15,  T5S,  R2W). — Nets  were  placed  across  a  ravine  near 
an  old  section  of  Illinois  Highway  100.  The  site  was  highly  disturbed  as  swine  and 
other  livestock  reduced  the  understory  and  herbaceous  growth  to  bare  ground. 
Dominant  canopy  species  were  American  elm,  cottonwood,  red  oak,  and  hackberry. 

Limestone  Mine  Cave  and  Twin  Culvert  have  been  described  in  detail  by  Kerr 
(1973)  and  Skaggs  (1973). 
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RESULTS 

We  examined  89  bats  in  Pike  County,  50  in  the  two  caves  and  39  while  mist- 
netting  (Table  1).  The  eastern  pipistrelle  (Pipistrellus  subflavus)  was  the  most  abun¬ 
dant  species  found  in  the  caves  (N  =  31),  and  was  the  only  species  in  Twin  Culvert 
Cave.  Three  other  species  were  found  in  Limestone  Mine  Cave:  the  big  brown  bat 
(Eptesicus  fuscus;  N  =  17),  little  brown  bat  (M.  lucifagus;  1),  and  a  non-reproductive 
adult  male  (testes  not  descended)  gray  bat  (1). 

During  11  nights  of  sampling  we  netted  39  bats  of  eight  species  (Table  1).  The 
red  bat  ( Lasiurus  borealis)  was  the  most  abundant  species  taken  (N  =  13)  and  was 
the  only  species  captured  at  all  net  sites.  Additional  species  netted  were  the  big  brown 
bat  (N  =  10),  little  brown  bat  (5),  Keen’s  myotis  (M.  keenii;  3),  silver-haired  bat 
(. Lasionycteris  noctivagans;  2),  hoary  bat  (L.  cinereus;  2),  Indiana  bat  (2),  and 
eastern  pipistrelle  (2). 

We  captured  14  individuals  of  eight  species  in  a  single  night  at  Flint  Creek 
including  an  adult  non-reproductive  male  Indiana  bat  and  one  adult  breeding  male 
(testes  descended)  silver-haired  bat  (Table  1).  Although  the  floodplain  was  heavily 
grazed,  surrounding  wooded  hillsides  were  less  disturbed  and  appeared  to  be  suitable 
bat  habitat. 

Five  species  (11  individuals)  were  captured  during  six  nights  of  netting  at 
Napoleon  Hollow  (Table  1).  A  lactating  female  Indiana  bat  was  taken  on  3  July.  No 
maternity  roosts  were  found  within  a  150  m  radius  of  the  nets;  however,  many  poten¬ 
tial  sites  (i.e.,  trees  >  50  cm  dbh  with  cavities  or  exfoliated  bark)  were  in  the  area. 

All  captures  occurred  at  South  Border  Road  on  17  July  as  rain  during  the  second 
night  inhibited  bat  activity.  Three  species  were  netted;  however,  a  juvenile  (as  deter¬ 
mined  by  unfused  epiphyses)  male  silver-haired  bat  was  the  most  notable  (Table  1). 
In  contrast  to  South  Border  Road  where  inclement  weather  probably  reduced  our 
capture  success,  the  high  degree  of  disturbance  at  Florence  was  probably  responsible 
for  its  low  diversity  (Table  1).  The  three  species  netted  at  this  site  are  more  tolerant 
of  disturbance  than  other  bats  and  are  frequently  taken  in  anthropogenic  habitats. 

Between  1980  and  1983,  personnel  of  the  Department  of  Biological  Sciences 
(WIU)  collected  10  bats  from  Macomb,  Illinois.  Records  of  significance  included 
three  Indiana  bats  removed  from  the  outer  walls  of  buildings:  one  adult  non- 
reproductive  female  (Thompson  Hall,  WIU  campus;  8  October  1980),  one  adult 
non-reproductive  male  (Citizen’s  National  Bank;  21  October  1981),  and  one  juvenile 
male  (Waggoner  Hall,  WIU  campus;  15  September  1982).  These  bats  were  probably 
using  buildings  as  daytime  roosts  during  migration.  Three  Keen’s  myotis,  three  big 
brown  bats,  and  one  red  bat,  also  were  collected  in  Macomb. 

DISCUSSION 

Our  study,  along  with  those  of  Gardner  and  Gardner  (1980)  and  Gardner  and 
Taft  (1983;  1984),  indicate  that  both  sexes  of  the  Indiana  bat  occur  in  Pike  County 
during  summer.  Furthermore,  the  capture  of  juveniles  and/or  reproductive  females 
indicate  the  presence  of  nurseries.  Although  Gardner  and  Taft  (1983)  doubted  the 
existence  of  a  maternity  roost  in  Napoleon  Hollow,  we  urge  caution.  The  capture 
of  a  lactating  female,  coupled  with  the  limited  foraging  distances  traveled  by  such 
individuals  (see  Humphrey  et  al.,  1977),  suggest  the  strong  possibility  of  at  least 
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one  maternity  roost  in  the  area.  Additionally,  reproductive  females  and  juveniles 
were  netted  at  sites  in  Iowa  similar  to  Napoleon  Hollow  (see  Clark  et  ah,  1987). 

Kerr  (1973)  and  Skaggs  (1973)  reported  that  gray  bats  used  Limestone  Mine 
Cave  and  Twin  Culvert  Cave  as  transient  roosts  during  spring  and  fall.  Additionally, 
Smith  and  Parmalee  (1954)  collected  five  gray  bats  from  Twin  Culvert  Cave  on 
1  October  1953.  Although  no  gray  bats  were  netted  during  the  summer  of  this  study, 
close  proximity  of  these  caves  to  streams  provide  roost  sites  in  habitats  similar  to 
those  used  by  M.  grisescens  during  summer  in  Missouri  (LaVal  et  al.,  1977;  LaVal 
and  LaVal,  1980).  We  feel  more  detailed  summer  sampling  at  potential  roost  caves 
and  adjacent  wooded  habitats  is  necessary  before  the  status  of  the  gray  bat  in  west- 
central  Illinois  can  be  ascertained. 

An  adult  breeding  male  and  a  newly  volant  juvenile  male  silver-haired  bat  were 
netted  at  Flint  Creek  and  South  Border  Road  on  5  September  and  17  July  1981, 
respectively.  These  captures  suggest  the  midwestern  breeding  range  of  this  species 
extends  further  south  (approximately  39°40'  N  Latitude)  than  previously  thought 
(see  Hoffmeister  and  Mohr,  1957;  Easterla  and  Watkins,  1970). 

SUMMARY 

Lack  of  information  about  the  summer  ecology  of  the  bat  fauna  in  Illinois 
precludes  sound  management  practices.  Additional  sampling  is  needed  to  discern 
habitat  requirements  and  assess  the  impact  of  continued  loss  and  fragmentation  of 
remaining  wooded  areas  on  the  reproductive  patterns  of  all  species.  Only  through 
concerted  scientific  effort,  greater  public  awareness,  and  habitat  preservation,  will 
the  native  bat  fauna  be  maintained. 
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DISTRIBUTION  AND  RELATIVE 
ABUNDANCE  OF  THE  GOLDEN  MOUSE 
( Ochrotomys  nuttalli )  IN  ILLINOIS 


George  A.  Feldhamer 
and 

Charles  R.  Paine 
Department  of  Zoology 
Southern  Illinois  University 
Carbondale,  IL  62901 


ABSTRACT 

Live-trapping  was  conducted  from  12  April  through  11  December  1985  at  18 
sites  in  15  southern  Illinois  counties  to  assess  the  status  of  the  golden  mouse, 
Ochrotomys  nuttalli,  currently  considered  to  be  threatened  in  the  state.  Thirty  eight 
individuals  were  caught  during  16,850  trap-nights.  They  were  taken  in  Alexander, 
Gallatin,  Jackson,  Johnson,  Pope,  Union  and  Williamson  counties.  Size  and  succes- 
sional  stage  of  the  habitat  block,  and  dispersal  ability  of  golden  mice,  probably  affect 
their  occurrence.  Because  current  land  management  practices  provide  abundant 
brushy,  second  growth  habitats  beneficial  to  golden  mice,  this  species  most  appropri¬ 
ately  should  be  considered  as  rare  in  Illinois,  not  threatened. 

INTRODUCTION 

Golden  mice  occur  throughout  the  southeastern  United  States,  west  to  eastern 
Texas  and  Oklahoma,  and  north  to  Kentucky  and  Virginia  (Hall,  1982).  In  the  mid¬ 
west,  the  species  reaches  its  northern  geographic  limit  in  Illinois.  Within  Illinois,  as 
elsewhere,  golden  mice  are  closely  associated  with  a  dense  understory  of  greenbriar 
(. Smilax  sp.),  honeysuckle  ( Lonicera  japonica ),  poison  ivy  ( Toxicodendron  radicans ), 
cane  (Arundinaria  gigantea)  and  grape  (Vitis  sp.)  (Lindzey  and  Packard,  1977).  Within 
Illinois,  thick  tangles  of  this  understory  are  largely  restricted  to  the  southern  part  of 
the  state  and  may  limit  the  distribution  of  the  golden  mouse  (Blus,  1966).  Golden 
mice  have  been  reported  from  only  six  counties  in  Illinois.  Layne  (1958)  collected 
two  golden  mice  from  Alexander  County  and  three  from  Union  County.  Hoffmeister 
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and  Mohr  (1957)  reported  their  occurrence  in  Union  and  Johnson  counties.  Andrews 
(1963)  trapped  eight  golden  mice  in  Pope  county.  The  species  also  has  been  taken 
in  Jackson  (Blus  1966)  and  Perry  counties  (Klimstra  and  Roseberry,  1969).  Because 
of  its  restricted  distribution,  the  golden  mouse  currently  is  considered  threatened  in 
Illinois  (Natural  Land  Institute,  1981),  although  Klimstra  and  Roseberry  (1969)  sug¬ 
gested  that  sufficient  trapping  effort  in  suitable  habitat  could  extend  the  known  range 
of  the  species  to  many  of  the  southern  34  counties  of  the  state.  The  objective  of  this 
study  was  to  determine  the  current  status  and  distribution  of  golden  mice  in  the  south¬ 
ern  16  counties  of  Illinois. 


PROCEDURES 

Suitable  trapping  sites  were  selected  in  habitats  with  heavy  understories  of  honey¬ 
suckle,  greenbriar,  grape  and  cane  in  the  16  southern  counties  of  Illinois  using  infor¬ 
mation  from  district  foresters  and  through  extensive  vehicular  searches  along  county 
roads.  Trapping  was  conducted  on  at  least  one  site  per  county  (Appendix  I),  with 
the  exception  of  White  County  where  no  potentially  suitable  habitat  was  found. 

At  each  site,  up  to  200  Sherman  live-traps  were  placed  at  approximately  10-m 
intervals.  Two  traps  were  placed  at  each  station;  when  possible  one  trap  was  placed 
in  vegetation  above  ground  level.  Number  of  stations,  transect  lines  and  placement 
at  each  site  varied  depending  on  habitat  size  and  configuration.  Traps  were  baited 
with  corn  and  operated  on  most  sites  for  consecutive  periods  of  5-9  days,  or  until 
there  were  at  least  1,000  trap-nights.  For  each  animal  captured,  the  species,  sex, 
weight,  age  and  reproductive  condition  were  recorded.  Each  animal  was  toe-clipped 
and  released  at  the  point  of  capture.  The  relative  abundance  (RA)  of  each  species 
on  each  site  was  calculated  as: 

RA  =  [number  individuals  captured  /  number  of  trap  nights]  x  100 

At  each  station  a  visual  estimate  of  canopy  closure  was  made,  and  the  species, 
diameter  at  breast  height  (DBH)  and  distance  from  the  station  to  the  nearest  tree 
greater  than  8  cm  DBH  were  recorded. 


RESULTS 

In  a  total  of  16,850  trap-nights  (excluding  traps  sprung  without  a  capture)  between 
12  April  and  11  December  1985,  553  individual  small  mammals  representing  8  spe¬ 
cies,  were  captured  a  total  of  988  times  (Table  1).  White-footed  mice  ( Peromyscus 
leucopiis)  and  deer  mice  (P.  maniculatiis)  made  up  66.9%  (n  =  370)  of  the  individuals 
captured.  Thirty  eight  golden  mice,  6.9%  of  the  total,  were  captured.  They  were 
taken  in  Alexander,  Gallatin,  Jackson,  Johnson,  Pope,  Union  and  Williamson  coun¬ 
ties.  Those  from  Gallatin  and  Williamson  counties  represent  new  county  distribu¬ 
tional  records.  No  golden  mice  were  taken  in  Perry  County,  from  which  historical 
records  exist.  Sites  in  Alexander  and  Union  counties  represented  areas  from  which 
golden  mice  were  taken  over  20  years  ago  (Layne,  1958). 

The  relative  abundance  of  golden  mice  varied  from  a  high  in  Alexander  (RA  = 
2.52),  and  Johnson  counties  (RA  =  1.01)  to  the  Williamson  County  site,  where  the 
relative  abundance  (0.09)  of  golden  mice  was  lowest.  Specific  trapping  data  for  each 
site  are  given  in  Appendix  I. 
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No  significant  differences  (P  >  0.05)  were  found  between  vegetation  parameters 
of  sites  from  which  golden  mice  were  captured  and  sites  from  which  they  were  not. 
Golden  mice  were  caught  significantly  more  often  than  expected  in  traps  placed  above 
ground  (x2  =  11.09,  P  <  0.05).  P.  leucopus  were  not  trapped  more  often  than 
expected  above  ground  (x2  =  0.79,  P  >  0.10).  There  was  no  significant  correlation 
between  the  relative  abundance  of  Peromyscus  and  golden  mice  on  each  site  (r  = 
0.286,  P  >  0.05). 

Considering  the  natural  divisions  of  Illinois  (Schwegman,  1973),  golden  mice  were 
captured  primarily  in  the  Shawnee  Hills  division  of  southern  Jackson,  Williamson, 
Gallatin,  Johnson  and  Pope  counties  (Figure  1).  Golden  mice  also  were  captured  in 
the  Bottomlands  section  of  the  Coastal  Plain  division  in  Alexander  County  and  on 
the  edge  of  the  Ozark  division  in  Union  County.  No  golden  mice  were  captured  in 
the  northern  counties  of  the  study  area,  within  the  Southern  Till  Plain  division. 

Most  captures  of  golden  mice  occurred  at  sites  on  or  adjoining  the  Shawnee 
National  Forest.  The  only  exception  was  the  Williamson  County  site  on  Crab  Orchard 
National  Wildlife  Refuge.  Golden  mice  were  captured  at  65%  of  the  trap  sites  within 
the  Shawnee  forest.  Examination  of  data  from  historical  capture  sites  of  golden  mice 
further  illustrates  the  importance  of  Shawnee  National  Forest  to  this  species  (Figure 
2).  They  have  been  reported  in  Illinois  from  only  four  sites  outside  the  borders  of 
the  forest;  sites  in  Jackson,  Johnson,  and  Williamson  counties,  and  one  site  in  Perry 
County  (Klimstra  and  Roseberry,  1969),  the  exact  location  of  which  is  uncertain. 

DISCUSSION 

Failure  to  capture  golden  mice  at  a  site  obviously  is  not  definitive  “pro°F  that 
they  do  not  occur  there  or  in  the  county.  On  sites  in  Hardin,  Alexander,  Pulaski  and 
Saline  counties,  trapping  success  (total  number  of  individuals  trapped  /  total  number 
of  trap  nights)  was  1.9%  or  less  (see  Appendix  I)  despite  considerable  trapping  effort. 
It  is  possible  that  golden  mice  occurred  on  these  sites,  especially  in  Saline  and  Hardin 
counties,  which  were  the  only  two  sites  within  the  Shawnee  Hills  division  where  no 
golden  mice  were  taken.  Trapping  success  also  was  very  low  (2.9%)  at  the  Pyramid 
State  Park  site  in  Perry  County.  However,  Smith  (1986)  also  trapped  there  exten¬ 
sively  in  a  variety  of  habitats  from  1977-1979  and  found  no  golden  mice.  It  is  likely 
that  the  species  is  absent  from  the  area.  The  trapping  sites  in  Massac  and  Randolph 
counties  also  had  fairly  low  success  rates.  Sites  in  Franklin  and  Hamilton  counties 
had  extremely  high  success  rates,  and  it  is  unlikely  that  golden  mice  could  have 
occurred  in  either  area  and  not  have  been  taken. 

Golden  mice  could  be  absent  from  a  trapping  site  for  a  number  of  reasons.  First, 
the  habitat  may  not  have  been  suitable.  Only  sites  with  heavy  understory  of  honey¬ 
suckle,  greenbriar  and  other  vines  were  considered  for  establishment  of  trap  sites, 
consistent  with  the  known  descriptions  of  golden  mice  habitat.  However,  microhabitat 
factors  important  to  golden  mice,  such  as  those  noted  by  Dueser  and  Shugart  (1979) 
and  Seagle  (1985)  may  not  have  been  suitable. 

Second,  golden  mice  may  be  absent  from  suitable  habitats  because  of  lack  of  dis¬ 
persal  time.  The  species  often  is  associated  with  disturbed,  subclimax  sites  (Lindzey 
and  Packard,  1977),  either  old  fields  or  forested  stands  with  openings  in  the  canopy. 
Such  sites  are  transitional.  In  order  for  golden  mice  to  occur  at  these  sites,  they  must 
colonize  them  within  a  relatively  short  period  of  time.  In  many  counties  otherwise 
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suitable  sites  are  essentially  “island”  habitats,  surrounded  by  farmland,  away  from 
contiguous  forest  and  without  dispersal  corridors.  Trapping  sites  such  as  those  in  Ran¬ 
dolph,  Franklin,  Massac  and  Hamilton  counties  probably  did  not  provide  large  enough 
habitat  blocks  and/or  dispersal  corridors.  Lack  of  extensive  forested  areas  in  many 
counties  and  the  scattered  distribution  of  suitable  habitat  may  not  allow  movement 
of  golden  mice  from  established  populations  to  new,  suitable  habitat. 

Finally,  interspecific  competition  may  affect  the  local  distribution  of  golden  mice. 
Although  in  this  study  no  correlation  was  found  between  the  relative  abundance  indices 
of  golden  mice  and  white-footed  mice,  this  was  not  a  very  sensitive  measure.  Seagle 
(1985),  using  multivariate  analyses  of  numerous  microhabitat  variables,  demonstrated 
significant  niche  overlap  between  these  two  species,  and  a  “dramatic”  shift  in  micro¬ 
habitat  use  by  golden  mice  upon  removal  of  white-footed  mice. 

The  relatively  large,  contiguous  blocks  of  habitat,  often  with  disturbed  areas, 
provided  by  Shawnee  National  Forest  may  be  essential  for  maintenance  of  golden 
mouse  populations  in  Illinois.  Outside  the  Shawnee  Hills  division  there  probably  are 
few  golden  mouse  populations,  due  either  to  lack  of  habitat,  dispersal  corridors  or 
other  factors.  However,  throughout  the  counties  in  the  Shawnee  Hills  division,  cur¬ 
rent  land  management  activities  provide  a  great  deal  of  brushy,  second  growth  habi¬ 
tat  beneficial  to  the  golden  mouse,  and  the  species  is  relatively  abundant  in  certain 
areas.  Given  the  continued  creation  of  disturbed  forest  areas,  we  suggest  the  golden 
mouse  should  be  considered  rare  in  Illinois,  but  currently  does  not  appear  to  be 
threatened. 
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Table  1.  Individual  captures,  number  of  recaptures,  and  relative  abundances  of  small 
mammals  taken  from  trapping  sites  in  southern  Illinois  between  April  and 
December,  1985. 


Species 

Individual 

Captures 

Recaptures 

Relative 

Abundance11 

Peromyscus  leucopus 

182 

129 

1.08 

Peromyscus  sp. 

134 

190 

0.79 

Blarina  carolinensis 

92 

1 

0.55 

Pero m ysciis  manicula tus 

54 

53 

0.32 

Ochrotomys  nuttalli 

38 

31 

0.22 

Microtus  pinetorum 

27 

31 

0.16 

Tamias  striatus 

22 

_ i) 

— 

Zapus  kudsonius 

2 

0 

0.01 

Glancomys  volans 

2 

0 

0.01 

TOTALS 

553 

435 

aRelative  Abundance  =  (Individual  Captures  /  Total  Trap-nights)  x  100 
’"Individuals  not  toe-clipped 


Fig.  1.  Distribution  of  golden  mouse  trap  sites  (A  golden  mice  caught;  •  golden  mice  not  caught)  during 
trapping  from  April  through  December,  1985  in  relation  to  the  natural  divisions  (from  Schwegman, 
1973)  of  southern  Illinois. 
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Fig.  2.  Distribution  of  known  golden  mouse  capture  sites  (historic  records  •  and  current  study  ▲)  in  rela¬ 
tion  to  Shawnee  National  Forest  land,  southern  Illinois. 


Appendix  I.  Place  name,  location,  inclusive  trapping  dates,  trap-nights  (total  trap- nights 
minus  sprung  traps),  and  total  captures  for  each  site  investigated  for  occurrence  of  golden 
mice  in  15  counties  of  southern  Illinois  from  April  through  December,  1985. 

Jackson  County 

Place:  near  Makanda  Township 
Location:  T10S,  R1W,  S19,  NE  1/4 
Dates:  12-20  April  1985 
Trap-nights:  1,008 

Total  captures:  113  (11.2%  success  rate) 

Individual  golden  mice:  10 

Williamson  County 

Place:  Crab  Orchard  National  Wildlife  Refuge  (three  different  sites) 

Site  # 1 

Location:  T10S,  R1E,  S10,  NW  1/4 
Dates:  25-30  April,  8-12  May  1985 
Trap-nights:  1,445 

Total  captures:  220  (15.2%  success  rate) 

Individual  golden  mice:  1 

Site  #2 

Location:  T9S,  R2E,  S29,  NE  1/4 
Dates:  8-12  May  1985 
Trap-nights:  198 

Total  captures:  13  (6.6%  success  rate) 

Individual  golden  mice:  0 
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Site  § 3 

Location:  T10S,  R1E,  S18,  SE  1/4 
Dates:  3-8  November  1985 
Trap-nights:  245 

Total  captures:  4  (1.6%  success  rate) 
Individual  golden  mice:  0 

Union  County 

Place:  LaRue-Pine  Hills 

Locations:  T11S,  R3W,  S9,  SE  1/4 

S16,  NE  1/4 
S21,  NW  1/4 
Dates:  21-26  May  1985 
Trap-nights:  1,053 

Total  captures:  119  (11.3%  success  rate) 
Individual  golden  mice:  5 

Pope  County 

Place:  Bell  Smith  Springs  Area 
Location:  T11S,  R5E,  S22,  NE  1/4 

S15,  SW  1/4 
Dates:  7-12  June  1985 
Trap-nights:  983 

Total  captures:  16  (1.6%  success  rate) 
Individual  golden  mice:  2 

Johnson  County 

Place:  1/2  mile  N.  Cedar  Creek  Trail 
Location:  T12S,  R4E,  S3,  NW  1/4 

SW  1/4 

Dates:  16-21  June  1985 
Trap-nights:  992 

Total  captures:  37  (3.7%  success  rate) 
Individual  golden  mice:  10 

Saline  County 

Place:  Shawnee  National  Forest 
Location:  T10S,  R7E,  S20,  NE  1/4 
Dates:  3-8  July  1985 
Trap-nights:  1,017 

Total  captures:  19  (1.9%  success  rate) 
Individual  golden  mice:  0 

Hardin  County 

Place:  Shawnee  National  Forest 
Location:  T11S,  R9E,  S7,  SW  1/4 
Dates:  24-29  July  1985 
Trap- nights:  1,027 

Total  captures:  9  (0.9%  success  rate) 
Individual  golden  mice:  0 

Gallatin  County 
Place:  Shawnee  National  Forest 
Location:  T10S,  R8E,  S32,  NW  1/4 
Dates:  24-29  July  1985 
Trap-nights:  1,010 

Total  captures:  23  (2.3%  success  rate) 
Individual  golden  mice:  2 
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Alexander  County  (2  sites) 

Place:  Shawnee  National  Forest 
Locations:  T14S,  R2E,  S9,  SE  1/4 

S16  NE  1/4 

Dates:  19-24  August  1985 
Trap-nights:  1,011 

Total  captures:  11  (1.1%  success  rate) 

Individual  golden  mice:  0 

Place:  3  mi.  NNW  Olive  Branch 
Location:  T15S,  R2E,  S18,  NE  1/4 
Dates:  8-11  December  1985 
Trap-nights:  317 
Total  captures:  15 
Individual  golden  mice:  8 

Pulaski  County 
Place:  Bankstons  property  (private  ownership) 

Location:  T15S,  R1E,  S7,  NW  1/4 
Dates:  2-10  September  1985 
Trap-nights:  1,498 

Total  captures:  19  (1.3%  success  rate) 

Individual  golden  mice:  0 

Massac  County 

Place:  D.W.  Helm  property  (private  ownership) 
Location:  T15S,  R3E,  S2,  SE  1/4 
Dates:  20-25  September  1985 
Trap-nights:  1,015 

Total  captures:  41  (4.0%  success  rate) 

Individual  golden  mice:  0 

Randolph  County 

Place:  Turkey  Bluffs 

Location:  T7S,  R6E,  S34,  SW  1/4 

S38,  NW  1/4 

Dates:  11-16  October  1985 
Trap-nights:  1,031 

Total  captures:  51  (4.9%  success  rate) 

Individual  golden  mice:  0 

Perry  County 

Place:  Pyramid  State  Park,  Chain  Lake  Trail 
Location:  T6S,  R3E,  S10,  SE  1/4 
Dates:  29  October  -  3  November  1985 
Trap-nights:  1,008 

Total  captures:  29  (2.9%  success  rate) 

Individual  golden  mice:  0 

Franklin  County 

Place:  Army  Corps  Engineers  land  S.  Rend  Lake  Dam 
Location:  T6S,  R2E,  S2,  NE  1/4 
Dates:  7-12  November  1985 
Trap-nights:  1,000 

Total  captures:  111  (11.1%  success  rate) 

Individual  golden  mice:  0 


Hamilton  County 

Place:  Dolan  Lake  Conservation  Area 
Location:  T5S,  R7E,  S26,  NE  1/4 
Dates:  22-26  November  1985 
Trap- nights:  992 

Total  captures:  160  (16.1%  success  rate) 
Individual  golden  mice:  0 
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ABSTRACT 

Body  temperature  measurements  were  obtained  for  neonatal  cottontail  rabbits 
(Sylvilagus  floridanus)  exposed  to  ambient  temperatures  of  5,  18  and  30  C.  The  cotton¬ 
tails  ontogenetic  progression  towards  a  homeothermic  state  has  been  documented. 
The  ecological  implications  of  this  critical  developmental  period  are  described. 

INTRODUCTION 

From  past  studies,  it  is  apparent  that  a  relationship  exists  between  the  state  of 
maturity  of  a  newborn  homeotherm  and  its  capacity  to  regulate  body  temperature. 
The  altricial  hamster,  for  example,  possesses  poor  thermoregulation  at  birth  and 
requires  a  thermally  protected  existence  while  heat  production  and  heat  conserva¬ 
tion  mechanisms  develop  (Rink,  1969).  The  precocial  lamb,  on  the  other  hand,  is 
able  to  maintain  a  near  adult  level  body  temperature  at  birth,  even  at  very  low 
ambient  temperatures  (Alexander  and  McCance,  1958;  Smith,  1961). 

To  date,  most  studies  on  the  development  of  thermoregulation  have  focused 
on  laboratory  and  domesticated  mammals  with  little  attention  being  paid  to  wild 
species.  Among  the  leporids,  only  the  domesticated  European  rabbit  (Oryctolagus 
cuniculus)  has  been  studied.  The  purpose  of  the  present  investigation  was  to  deter¬ 
mine  the  pattern  of  early  body  temperature  development  in  wild  cottontail  rabbits 
and  to  assess  its  ecological  implications. 


1  Investigation  partially  supported  by  funds  from  the  Western  Illinois  University  Foundation. 

2Present  Address:  U.S.  Army  Corps  of  Engineers  (PD-A),  210  Tucker  Blvd.,  North,  St.  Louis,  MO 
63101-1986. 
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MATERIAL  AND  METHODS 

Test  animals  were  healthy  newborn  cottontails  of  either  sex.  The  neonates  were 
obtained  by  capturing  wild,  pregnant  rabbits  and  holding  them  in  an  environmen¬ 
tally  controlled  animal  room  until  parturition  occurred.  Normal  growth  was 
achieved  by  a  method  of  force-maternal-feeding  using  oxytocin.  The  details  of  this 
procedure  have  been  described  by  Gates  and  Pederson  (1986). 

With  the  exception  of  those  animals  retested  on  days  15  and  30,  rabbits  were 
tested  for  body  temperature  each  day  for  10  days  at  three  different  ambient  tem¬ 
peratures  (Ta):  5,  18  and  30  C,  and  in  that  order.  Testing  began  no  sooner  than 
2  hours  after  the  morning  feeding,  about  10:00  AM,  and  continued  for  the  next 
8-10  hours. 

The  T  was  regulated  in  conjunction  with  metabolic  experiments  on  the  spe¬ 
cies.  Thus,  the  test  subject  was  contained  within  a  closed-system  respiration  chamber 
submersed  in  a  water  bath.  By  adding  small  amounts  of  ice  or  hot  water,  the  bath 
temperature  was  adjusted  to  provide  a  chamber  T  within  ±  0.5  C  of  the  desired 
reading.  The  need  for  modifying  the  Ta  was  determined  using  a  thermistor  probe 
inserted  into  the  chamber.  The  probe  reading  was  monitored  using  a  Yellow  Springs 
tele-thermometer,  series  46TUC  (Yellow  Springs  Instrument  Co.,  Yellow  Springs, 
Ohio).  The  animals  received  pure  oxygen,  as  needed,  during  the  testing  period.  Soda- 
lime  was  used  to  absorb  carbon  dioxide.  A  cylindrical  wire  cage  was  used  to  reduce 
the  animal's  activity. 

Body  temperature  was  measured  as  rectal  temperature  (Tr)  using  a  thermistor 
probe  and  the  Yellow  Springs  tele-thermometer.  For  reasons  of  safety,  the  thermistor 
probe  was  tipped  with  size  50  polyethylene  tubing  for  animals  aged  0-15  days,  and 
was  completely  encased  with  the  terminal  portion  of  an  infant  feeding  tube  for  30 
day-old  animals.  When  used,  the  probe  was  lubricated  with  petroleum  jelly  and 
inserted  as  deeply  into  the  rectum  as  the  size  of  the  animal  would  permit.  After 
a  50-60  minute  exposure  to  a  given  Ta,  the  animal  was  removed  from  the  test 
chamber,  and  its  Tr  was  taken  as  quickly  as  possible  (within  30  sec).  Each  animal 
was  given  at  least  one  hour  to  recover  between  test  runs.  During  this  period  it  was 
allowed  to  huddle  with  litter  mates  in  a  warm  location. 


RESULTS 

Data  for  the  mean  Tr  of  animals  aged  0-10,  15  and  30  days  exposed  for  50-60 
min  to  Ta  of  5,  18  and  30  C  is  presented  in  Figure  1.  An  average  of  19  animals 
per  day  were  tested  between  days  0-10;  exactly  9  animals  on  day  15  and  4  on  day 
30.  These  animals  were  obtained  from  9  different  litters. 

Figure  1  shows  the  change  in  Tr  at  various  Ta  during  early  postnatal  develop¬ 
ment.  At  the  Ta  of  5  C,  Tr  rose  steadily  at  an  average  rate  of  1.5  C/day  during  the 
first  15  days,  and  changed  only  slightly  (0.5  C)  during  the  next  15  days.  The  thermal 
gradient  (Tr-Ta)  at  this  same  Ta  increased  from  10  C  on  the  day  of  birth  to  24.5 
C  by  day  10,  to  32  C  by  day  15,  and  to  32.5  C  by  day  30.  Changes  were  less  dramatic 
at  the  Ta  of  18  C.  Rectal  temperature  rose  at  an  average  rate  of  0.8  C  /day  during 
the  first  15  days  and  again  only  slightly  (0.6  C)  during  the  next  15  days.  The  thermal 
gradient  increased  from  7.6  C  on  the  day  of  birth  to  15.7  C  by  day  10,  to  19.4  C 
by  day  15  and  to  20  C  by  day  30.  At  a  Ta  of  30  C,  Tr  rose  at  the  rate  of  0.4  C/day 
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Fig.  1.  Rectal  temperature  (Mean  ±  S.E.)  plotted  against  age  for  ambient  temperatures  of  5,  18  and 
30  C.  The  means  are  indicated  by  solid  symbols  and  the  S.E.  by  vertical  lines. 


during  the  first  10  days,  and  only  an  additional  2  C  by  day  30.  The  thermal  gradient 
changed  from  3.7  C  on  the  day  of  birth  to  7.8  C  by  day  10,  and  to  9.8  C  by  day  30. 

The  percent  variation  (SD/M  X  100)  was  determined  to  facilitate  a  comparison 
of  the  relative  variability  in  thermoregulatory  capacity  at  various  Ta  and  ages. 
During  the  first  10  days,  there  appeared  to  be  no  consistent  variation  with  respect 
to  age;  however,  there  was  variation  with  respect  to  Ta.  The  average  percent  varia¬ 
tion  at  5,  18  and  30  C  was  14,  10  and  5  percent  respectively.  This  shows  that  not 
all  the  animals  had  a  similar  capacity  for  thermoregulation,  particularly  at  colder 
temperatures.  By  days  15  and  30  the  situation  had  altered.  The  magnitude  of  the 
variability  had  changed  with  age  (about  2  percent)  but  not  the  Ta.  This  shows  that 
the  animals  had  a  similar  capacity  for  thermoregulation  irrespective  of  Ta. 
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DISCUSSION 

Thermoregulation  in  Newborn  Rabbits. — As  in  other  altricial  species,  the  new¬ 
born  cottontail  experiences  a  decrease  in  Tr  when  exposed  to  a  decreasing  Ta. 
During  subsequent  postnatal  development  the  drop  in  Tr  decreases,  and  finally  Tr 
becomes  independent  of  Ta.  If  the  curves  of  Figure  1  are  considered  linear  up  to 
day  10  and  are  extrapolated  from  day  10  to  40  C  (adult  Tr;  Janes,  1957),  an 
estimate  of  the  time  of  homeothermy  can  be  obtained.  On  this  basis,  homeothermy 
over  the  Ta  range  5-30  C,  should  occur  between  days  15  and  18.  The  fact  that  day 
30  data  differs  little  from  day  15  data  lends  support  to  this  conclusion. 

If  the  data  for  Tr  in  the  study  by  Hull  (1965)  is  representative  of  the  European 
rabbit,  then  by  interpolation,  at  a  Ta  of  18  C  the  domesticated  species  is  able  to 
maintain  a  Tr  about  6  C  higher  than  the  cottontail  on  the  day  of  birth.  By  day  9, 
the  European  rabbit  appears  to  be  essentially  homeothermic  at  18  C,  a  state  the 
cottontail  does  not  reach  until  much  later. 

Ecological  Implications. — The  results  of  the  present  study  demonstrate  the 
newborn  cottontails’  poorly  developed  capacity  for  thermoregulation  at  birth  and 
shortly  thereafter.  Hypothermia  was  a  potentially  detrimental  effect  to  the  animal 
observed  during  experimentation.  Bernard  and  Hull  (1964)  have  observed  the  effects 
of  rearing  newborn  European  rabbits  at  reduced  Ta.  Long-term  exposure  at  25  C 
resulted  in  hypothermia  and  death  for  many  rabbits  before  the  age  of  7  days,  while 
a  reduced  milk  intake  and  increased  metabolism  resulted  in  a  slow  growth  rate 
for  survivors. 

Ambient  temperatures  as  severe  as  those  used  in  testing  do  occur  during  the 
nesting  season.  Indeed,  the  average  minimum  Ta  for  the  Illinois  region  during 
March  is  about  -1C,  and  for  May,  the  peak  nesting  month  it  is  about  10  C 
(Conway,  1963). 

Obviously,  there  must  be  some  supplemental  source  of  thermal  protection  avail¬ 
able  to  the  young  cottontail  until  it  reaches  homeothermy.  The  nest  is  a  superb  candi¬ 
date.  Its  construction  has  been  described  by  a  number  of  authors  (Beule,  1940; 
Hendrickson,  1940;  Casteel,  1966).  It  consists  of  a  small  ground  cavity  in  which  is 
arranged  an  outer  layer  of  plant  debris  and  an  inner  layer  of  rabbit  fur.  Hendrickson 
indicated  that,  on  the  average,  fur  comprises  38  percent  of  the  nesting  material. 
The  fact  that  the  nest  is  in  the  ground  may  be  of  thermal  significance.  A  Nebraska 
study  has  revealed  that  surface  soil  has  a  temperature  above  that  of  the  air  for  every 
season  of  the  year,  but  the  deviation  is  the  greatest  during  the  spring  and  summer 
seasons,  the  nesting  period  for  the  cottontail  (Buckman  and  Brady,  1960). 

Another  source  of  protection  is  afforded  by  huddling.  Mount  (1960)  found  that 
in  newborn  pigs  exposed  to  cold,  Tr  is  maintained  more  economically  in  terms  of 
energy  expenditure  when  the  pigs  are  tested  in  a  group  rather  than  individually, 
and  that  the  savings  becomes  proportionately  greater  with  decreasing  Ta.  In  addi¬ 
tion,  he  noted  that  the  energy  expenditure  decreases  as  the  number  of  individuals 
and  the  total  weight  of  the  huddling  mass  increases.  Cottontails  also  huddle,  and 
this  behavior  could  be  a  very  important  mechanism  for  heat  conservation. 

Any  factor  adversely  influencing  the  thermal  state  of  this  thermally  vulnerable 
young  animal  is  a  potential  mortality  factor.  Such  factors  might  include  severe 
weather,  poor  maternal  care,  small  litter  size  and  nest  exposure  due  to  farming  opera¬ 
tions,  predators  and  the  like. 
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SUMMARY 

The  rectal  temperature  of  the  newborn  cottontail  rabbit  showed  a  precipitous 
drop  in  response  to  decreasing  ambient  temperature,  thus  revealing  the  animals’ 
poorly  developed  capacity  for  thermoregulation.  The  magnitude  of  the  drop 
decreased  significantly  with  age,  and  by  day  fifteen  the  animal  was  essentially 
homeothermic. 

The  suggestion  is  made  that  under  certain  circumstances  the  poor  thermoregula¬ 
tory  capacity  of  the  young  rabbit  might  be  a  source  of  mortality  for  the  cottontail 
population. 
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ABSTRACT 

Rarity  of  the  blonde  color  morph  in  prairie  vole  populations  is  attributed  to:  a 
recessive  trait  requiring  breeding  between  siblings  or  parents  and  their  offspring  for 
the  color  morph  to  be  prominent  within  a  population;  the  mating  system  of  the  prai¬ 
rie  vole  which  results  in  suppression  of  reproduction  between  family  members,  except 
for  young  that  have  dispersed  from  the  natal  nest;  and  a  mate  preference  of  blondes 
for  normal-colored  individuals  and  of  normal-colored  individuals  for  blondes,  which 
reduces  probability  of  mating  between  blonde  siblings  that  have  dispersed  from  the 
natal  nest. 


INTRODUCTION 

Aberrant  color  morphs  are  rare  in  wild  populations  of  the  prairie  vole,  Microtus 
ochrogaster .  During  the  course  of  a  14-year  demographic  study  of  the  prairie  vole 
in  east-central  Illinois  more  than  12,000  individuals  of  this  species  have  been  han¬ 
dled.  Only  four  distinctly  different  colored  individuals  have  been  observed;  all  were 
light  cinnamon  blonde. 

Population  genetics  models  and  experimental  studies  provide  explanations  for  rare¬ 
ness  of  aberrant  color  morphs  in  free-living  populations.  Brown  (1965),  Gill  (1977) 
and  Slatkin  (1985)  present  models  which  predict  maintenance  of  rare  alleles  within 
a  population  and  phenotypic  expression  of  traits  controlled  by  such  alleles.  Dice  (1947) 
has  shown  the  importance  of  predation  in  eliminating  conspicuous  color  morphs  from 
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a  population,  thus  contributing  to  rarity  of  alleles  associated  with  given  color  morphs. 
Other  factors  such  as  the  mating  system  of  the  species  and  preferences  for  given  color 
morphs  in  mate  choices,  also  play  a  role  in  maintenance  of  alleles  and  rarity  of  expres¬ 
sion  of  unusual  color  morphs  within  a  population.  In  this  paper  we  discuss  the  latter 
two  phenomenons  as  they  apply  to  maintenance  of  the  blonde  allele  and  to  rarity 
of  the  blonde  color  morph  within  populations  of  the  prairie  vole. 

A  male  blonde  prairie  vole  was  brought  to  the  laboratory,  mated  with  normal- 
colored  females  and  inheritance  of  the  coat  color  determined.  The  blonde  morph 
proved  to  be  a  simple  recessive  trait  (Hofmann  and  Klatt,  unpublished).  There  is 
no  evidence  of  reduced  reproduction  in  the  blonde  morph;  the  percentage  of  success¬ 
ful  matings  of  blonde  pairs  (80%)  and  the  average  litter  size  (3.5)  is  similar  to  those 
for  normal-colored  individuals  in  our  laboratory  colony. 

Because  blonde  is  recessive,  the  trait  will  be  expressed  only  when  heterzygotes 
and/or  recessives  mate  with  each  other.  Furthermore,  since  relatives  are  more  likely 
to  share  alleles  in  common,  inbreeding  would  promote  the  probability  of  homozy¬ 
gous  recessives.  However,  prairie  voles  have  behavioral  mechanisms  which  reduce 
or  prevent  inbreeding  (Getz  and  Carter,  1980;  Getz,  et  ah,  1981;  McGuire  and  Getz, 
1981;  Gruder- Adams  and  Getz,  1985;  Getz  and  Hofmann,  1986).  These  studies 
demonstrate  the  prairie  vole  to  have  a  monogamous  mating  system  in  which  75% 
of  the  young  females  and  68%  of  the  young  males  remain  at  the  natal  nest.  Young 
females  remaining  at  the  natal  nest  do  not  become  reproductively  activated  and  do 
not  mate  with  their  siblings  or  father.  Siblings  may  mate  only  if  they  disperse  from 
the  natal  nest  and  remain  apart  for  at  least  eight  days  before  meeting  again  (Gavish, 
et  ah,  1984). 

If  random  mate  choice  is  involved,  if  blondes  display  a  preference  for  normal- 
colored  mates,  or  if  normal-colored  individuals  display  a  preference  for  blonde  mates, 
it  seems  unlikely  that  wandering  blonde  siblings  would  remain  unpaired  sufficiently 
long  to  behave  as  strangers  upon  meeting  again.  If,  however,  blondes  display  a  prefer¬ 
ence  for  blonde  mates  and/or  normal-colored  animals  reject  blondes,  blondes  may 
delay  pairing  with  normal-colored  individuals,  thus  increasing  the  probability  of 
encountering  a  wandering  unpaired  blonde  sibling  and  forming  a  breeding  pair. 

We  conducted  a  behavioral  study  to  determine  whether  or  not  the  blonde  morph 
is  maintained  in  the  population  by  negative  assortative  mating.  We  determined  the 
preference  of  males  and  females  of  each  color  morph,  blonde  and  normal,  to  associ¬ 
ate  with  individuals  of  each  color  morph  of  the  opposite  sex.  The  experiments  simu¬ 
lated  the  initial  mate  choices  made  by  unpaired  males  and  females  when  meeting 
in  a  neutral  site  following  dispersal  from  their  natal  nests.  From  these  results  we  can 
predict  the  role  of  mate  preference  and  the  mating  system  in  the  observed  rarity  of 
the  blonde  color  morph  in  prairie  vole  populations. 

METHODS 

Reproductively  naive  40-50  day  old  laboratory-reared  voles  were  used  in  the  trials. 
All  animals  were  left  in  sibling  litter  groups  following  weaning  at  21  days  of  age  until 
used  in  the  experiments;  females  remain  non-estrous  while  in  sibling  groups  (McGuire 
and  Getz,  1981).  All  individuals  used  in  a  given  trial  were  from  different  litters; 
individuals  of  each  color  morph  were  from  breeding  pairs  of  that  color  morph.  The 
trials  were  conducted  in  the  animal  colony  room. 
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The  observation  chamber  consisted  of  a  43  x  22  x  30  cm  clear  plastic  breeding 
cage.  The  bottom  of  the  cage  was  covered  with  a  1  cm  layer  of  hardwood  “Beta" 
wood  chip  bedding;  a  clean  cage  was  used  for  each  experiment.  To  conduct  a  prefer¬ 
ence  trial  one  animal  of  each  color  morph  was  tethered  at  opposite  ends  of  the  cage 
(“choice"  animals).  A  string  attached  to  a  plastic  cable-tie  collar  placed  around  the 
neck  of  each  choice  animal  was  taped  to  the  end  of  the  cage  so  as  to  allow  the  animal 
to  move  around  within  1/3  of  the  chamber.  This  left  a  neutral  central  area  equal 
to  1/3  of  the  chamber  within  which  neither  choice  animal  could  encroach.  The  end 
of  the  cage  in  which  each  color  morph  was  tethered  was  reversed  for  each  trial. 

The  choice  animals  were  collared  and  tethered  to  the  ends  of  the  cage  for  5  min 
to  become  adjusted  to  the  experimental  conditions.  The  animal  to  be  tested  for  prefer¬ 
ence  of  association  with  a  blonde  or  normal-colored  animal  (“test"  animal)  was  then 
introduced  into  the  neutral  area.  Following  a  2  min  adjustment  period,  location  of 
the  test  animal  was  recorded  for  30  min.  The  time  the  test  animal  spent  in  the  end 
with  the  blond  or  normal-colored  animal  was  recorded  on  an  electronic  timer.  Sub¬ 
totals  of  the  time  spent  with  each  color  morph  were  recorded  at  10  min  intervals. 
There  was  no  consistent  difference  in  the  amount  of  time  the  test  animals  associated 
with  each  choice  animal  among  the  three  10  min  periods.  Accordingly,  total  times 
for  the  entire  30  min  were  used  in  the  analysis. 

An  individual  was  designated  as  showing  a  preference  for  a  given  color  morph 
if  it  spent  at  least  25%  more  time  in  the  end  of  the  cage  with  that  animal  than  with 
the  other  color  morph.  This  arbitrary  method  of  designating  preference  for  associa¬ 
tion  with  a  given  color  morph  was  used  so  as  to  eliminate  errors  resulting  from  ina¬ 
bility  to  determine  precisely  when  the  test  animal  had  crossed  into  the  end  of  the 
chamber  occupied  by  a  given  choice  animal.  The  average  time  spent  by  all  the  test 
animals  with  each  color  morph  was  also  used  as  an  indication  of  the  degree  of  prefer¬ 
ence  of  individuals  for  normal  or  blonde  animals. 

RESULTS 

Eighteen  of  26  (69.2%)  blonde  test  males  and  females  displayed  a  distinct  prefer¬ 
ence  for  association  with  a  normal-colored  individual  of  the  opposite  sex  (Table  1). 
The  blonde  female  not  displaying  a  distinct  choice  associated  with  the  normal-colored 
male  0.9  min  more  than  with  the  blonde  male.  The  average  time  blonde  animals 
spent  with  normal  and  blonde  individuals  was  19.0  and  8.8  min,  respectivelv  (Table 
2). 

Seventeen  of  20  (85%)  normal-colored  males  and  females  displayed  a  preference 
for  blonde  individuals  of  the  opposite  sex;  the  other  three  animals  exhibited  no  choice 
(Table  1).  One  of  the  two  normal-colored  males  and  the  female  displaying  no  choice 
spent  more  time  with  the  blonde  than  with  the  normal-colored  choice  animal  (1.7 
and  2.0  min  more,  respectively).  Normal-colored  individuals  spent  an  average  of  19.6 
and  7.6  min  with  blonde  and  normal-colored  individuals,  respectively  (Table  2). 

DISCUSSION 

The  preference  of  blondes  to  associate  with  normal-colored  individuals  of  the 
opposite  sex  and  of  normal-colored  individuals  to  associate  with  blondes  would  tend 
to  reduce  matings  between  blonde  siblings.  Blondes  would  more  readily  pair  with 
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normal-colored  individuals,  reducing  the  probability  of  their  remaining  unpaired  suffi¬ 
ciently  long  to  encounter  and  form  a  pair  with  a  blonde  sibling.  Most  blondes  would 
be  expected  to  form  a  pair  with  a  non-sibling  normal-colored  mate. 

Preference  for  blondes  by  normal-colored  individuals  would  tend  to  ensure  all 
blondes  would  mate  and  thus  increase  the  frequency  of  the  blonde  allele  within  the 
population.  However,  since  blonde  is  a  recessive  trait,  the  color  preference  behavior 
of  blondes  (for  normal-colored)  and  normal-colored  animals  (for  blondes)  would  tend 
to  reduce  presence  of  blonde  morphs  within  the  population. 

We  have  few  data  regarding  differential  survival  of  the  two  color  morphs  within 
free-living  populations.  Two  of  the  three  blondes  left  in  the  population  were  first 
caught  as  adults  and  were  not  present  one  month  later.  The  third  blonde  was  first 
caught  as  a  juvenile.  It  remained  on  the  study  area  for  128  days.  Normal-colored 
prairie  voles  first  caught  as  juveniles  persist  on  the  study  area  an  average  of  52  days 
(Getz  et  ah,  1979). 

Results  of  this  study  indicate  the  following  factors  contribute  to  suppression  of 
expression  of  the  blonde  allele  in  prairie  vole  populations:  (1)  blonde  is  a  recessive 
trait  requiring  breeding  between  sibling  blondes  or  with  their  heterozygous  parents 
for  the  color  morph  to  be  prominent  within  a  population;  (2)  a  mating  system  which 
prevents  young  animals  from  breeding  while  in  the  family  group  and  the  need  for 
siblings  to  disperse  in  order  to  successfully  mate;  (3)  a  low  incidence  of  dispersal  of 
young  from  the  family  group;  and  (4)  preference  of  blondes  for  normal-colored 
individuals  and  vice  versa,  which  greatly  reduces  the  probability  of  matings  between 
wandering,  unpaired  blonde  siblings. 
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Table  1.  Preferences  of  blonde  and  normal-colored  Microtas  ochrogaster  for  association 
with  blonde  and  normal-colored  individuals  of  the  opposite  sex.  Non-estrous 
females  and  sexually  naive  males  were  used.  See  text  for  experimental  design. 


Preferred  Color  Morph 

Test  Animal 

Blonde 

Normal-colored  No  Preference 

Blonde 

Male 

3 

10* 

0 

Female 

4 

8 

1 

Total 

7 

18* 

1 

Normal-colored 

Male 

8 

0 

2 

Female 

9* 

0 

1 

Total 

17* 

0 

3 

*  Preference  for  this  color  morph 

significantly  greater  (at  <.05  level;  X2)  than  for  other  color 

morph  and 

no  preference,  combined. 

Table  2.  Amount  of  time  (mean  ±  1SE)  blonde  and  normal-colored  Microtus 
ochrogaster  spent  with  blonde  and  normal-colored  individuals  of  the  opposite 
sex  during  30-min  trials.  Non-estrous  females  and  sexually  naive  males  were 
used.  See  text  for  experimental  design. 

Amount  of  time  with  color  morph 

Test  animal 

N 

Blonde 

Normal-colored 

Blonde 

Male 

13 

8. 1(1.7) 

19.9(1.9)** 

Female 

13 

9. 7(2.0) 

18.0(2.4)** 

Total 

26 

8. 8(1. 3) 

19.0(0.9)** 

Normal-colored 

Male 

10 

19.9(1.5)* 

7. 3(1. 2) 

Female 

10 

19.4(0.6)* 

8. 0(1.0) 

Total 

20 

19.6(1.0)** 

7. 6(0.8) 

*  Difference  significant  at  <0.05  level 

**Difference  significant  at  <0.01  level  (Wilcoxon  matched  pairs  sign-ranked  test). 


232 


Transactions  of  the  Illinois  Academy  of  Science 
(1987),  Volume  80,  3  and  4,  pp.  233-252 


FISHES  AND  AQUATIC  INSECTS 
OF  NIPPERSINK  CREEK, 
MCHENRY  COUNTY,  ILLINOIS 


Owen  T.  Gorman 
Department  of  Biology 
Memphis  State  University 
Memphis,  Tennessee  38152 


ABSTRACT 

A  survey  of  the  fishes  and  aquatic  insects  of  Nippersink  Creek,  a  tributary  of 
the  upper  Fox  River,  McHenry  County,  Illinois,  was  conducted  between  September 
1985  and  July  1986.  The  aquatic  fauna  of  Nippersink  Creek  is  typical  of  clean, 
moderate  gradient  streams  with  minimal  disturbance.  A  total  of  41  fish  species 
representing  10  families  and  39  aquatic  insect  genera  representing  24  families  was 
collected.  Twelve  fish  species  represent  new  records  for  Nippersink  Creek  upstream 
of  Spring  Grove  and  4  species  represent  new  distributional  records  for  the  Fox  Lake 
drainage.  Karr’s  (1981)  Index  of  Biotic  Integrity  indicates  that  the  present  fish  fauna 
may  be  rated  good  to  excellent  quality.  Similarly  high  ratings  were  found  for  the 
aquatic  insect  fauna  using  Hilsenhoff’s  (1977)  Biotic  Index.  The  high  quality  of  the 
aquatic  fauna  and  environmental  conditions  in  Nippersink  Creek  contrast  sharply 
with  most  northeastern  Illinois  streams.  As  such,  Nippersink  Creek  represents  a 
valuable  natural  resource  for  the  region. 

INTRODUCTION 

Nippersink  Creek,  located  in  McHenry  County,  Illinois,  is  the  largest  tributary 
of  the  Fox  River  (Tichacek,  1968).  The  Fox  River  drainage  has  the  second  highest 
diversity  of  fishes  in  the  state  with  102  species  (Smith,  1971).  This  high  diversity 
is  unusual  for  northeastern  Illinois  where  extreme  disturbance  and  pollution  has 
resulted  in  low  biotic  diversities  in  most  drainages,  e.g.,  the  Chicago,  DesPlaines, 
and  DuPage  rivers,  and  Salt  Creek  (Brigham  et  ah,  1978;  Karr,  1981;  Fausch  et 
ah,  1984;  Gorman,  1987a). 
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The  Nippersink  drainage  is  situated  in  a  region  of  complex  morainal  topography 
characterized  by  hilly  terrain,  lakes,  and  bogs.  There  are  two  large  lakes  on  the 
drainage,  Lake  Elizabeth,  a  natural  glacial  lake  draining  into  a  tributary  of  the 
North  Branch  of  Nippersink  Creek,  and  Wonder  Lake,  an  artificial  impoundment 
on  the  Nippersink  mainstream.  The  region  has  greater  relief  and  more  complex  slope 
patterns  than  most  of  northeastern  Illinois,  resulting  in  a  rather  steep  stream  gradient 
(17.7  feet/mile;  Tichacek,  1968).  The  complex  topography  creates  a  diversity  of 
aquatic  habitats  that  may  explain  the  diversity  of  fish  species  in  the  area.  The  typical 
stream  habitat  is  broad,  shallow  pools  with  moderate  currents  separated  by  short 
riffle  areas  with  coarse  glacial  substrates.  Small  tributaries  of  Nippersink  Creek  are 
typically  cool,  spring-fed  streams.  Other  tributaries,  such  as  the  Lake  Elizabeth 
drain,  are  clear,  sluggish  streams  with  an  abundance  of  macrophytes. 

METHODS 

Ten  sites  on  the  Nippersink  drainage  above  Spring  Grove  were  sampled.  Four 
primary  sites  (A-D)  were  sampled  seasonally  3  or  4  times  on  the  following  dates: 
26-27  Sept,  and  21-25  Oct.  1985,  and  26-27  May  and  25-27  July  1986.  Six  supple¬ 
mentary  sites  (E-J)  were  sampled  once  during  the  study  period  on  the  following 
dates:  27  Sept.  1985  (Site  E)  and  25-27  July  1986  (Sites  F-J).  The  ten  sites  correspond 
to  locations  indicated  by  the  letters  A-J  in  Figure  1  and  are  described  briefly  below. 

Site  A  (T46N,  R8E,  sec.  5)  was  located  on  the  North  Branch  of  Nippersink  Creek, 
0.5  km  S  of  the  Wisconsin-Illinois  border. 

Site  B  (T46N,  R8E,  sec.  9)  was  located  on  the  N.  B.  Nippersink  Creek,  0.5  km 
W  of  the  intersection  of  U.S.  Route  12  and  Illinois  Route  173. 

Site  C  (T46N,  R8E,  sec.  21)  was  located  on  the  N.B.  Nippersink  Creek,  0.5 
km  E  of  the  intersection  of  U.S.  Rte.  12  and  Ill.  Rte.  31. 

Site  D  (T46N,  R8E,  sec.  20)  was  located  on  a  small  unnamed  tributary  of  the 
mainstream  of  Nippersink  Creek,  1.3  km  W  of  the  intersection  of  U.S.  Rte.  12  and 
Ill.  Rte.  31. 

Site  E  (T46N,  R8E,  sec.  16)  was  located  on  the  N.B.  Nippersink  Creek  at  Hill 
Road,  0.5  km  E  of  U.S.  Rte.  12. 

Site  F  (T46N,  R7E,  sec.  18)  was  located  on  a  headwater  of  the  Nippersink  Creek 
mainstream  approximately  3  km  W  of  Hebron  at  Ill.  Rte.  173. 

Site  G  (T45N,  R7E,  sec.  12)  was  located  on  the  Nippersink  Creek  mainstream  at 
Jacobsen  Park  and  northeast  of  the  intersection  of  Thompson  and  Wondermere  roads. 

Site  H  (T46N,  R8E,  sec.  31)  was  located  on  the  Nippersink  Creek  mainstream 
below  Wonderlake  and  within  the  boundaries  of  Glacial  Park. 

Site  I  (T46N,  R8E,  sec.  33)  was  located  on  the  Nippersink  Creek  mainstream 
at  Ill.  Rte.  31,  6  km  S  of  Richmond. 

Site  J  (T46N,  R8E,  sec.  26)  was  located  on  the  Nippersink  Creek  mainstream 
near  the  intersection  of  U.S.  Rte.  12  and  Solon  Road. 

During  each  visit  to  primary  sampling  sites,  the  following  physico-chemical 
parameters  were  measured:  temperature,  dissolved  oxygen  (DO),  conductivity,  and 
pH.  Biochemical  oxygen  demand  (BOD)  was  measured  once  for  each  primary 
sampling  site  in  late  May  1986.  BOD  was  expressed  as  the  difference  between  initial 
DO  and  dark  bottle  DO  concentrations,  and  net  primary  productivity  was  expressed 
as  the  difference  between  light  bottle  and  initial  DO  concentrations  (after  Wetzel 
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and  Likens,  1979).  A  modified  Winkler  method  (Hach  DO  kits)  was  used  for  light 
and  dark  bottle  DO  determinations. 

For  each  sampling  site,  stream  habitat  characteristics  were  measured  using  the 
method  of  Gorman  and  Karr  (1978).  This  included  determination  of  mean  values 
for  channel  width,  depth,  current  speed,  and  substrate  size,  and  determination  of 
typical  substate  types,  and  estimated  discharge. 

Fishes  were  sampled  at  all  sites  using  3  and  5  mm  mesh  seines,  1  x  3  m  and 
1.5  x  5  m,  respectively,  in  size.  At  each  site,  a  100  m  section  of  stream  channel  was 
repeatedly  seined  4  to  8  times.  Fishes  over  250  mm  total  length  were  measured  and 
released.  Samples  of  smaller  fishes  were  preserved  in  10%  formalin  and  later  trans¬ 
ferred  to  40%  isopropyl  alcohol.  Fishes  were  identified  with  the  aid  of  the  following 
references:  Pfleiger  (1975),  Smith  (1979),  and  Trautman  (1981).  Vouchers  have  been 
deposited  in  the  Field  Museum  of  Natural  History  at  Chicago  and  in  the  Museum 
of  Natural  History  at  the  University  of  Kansas.  Karr’s  Index  of  Biotic  Integrity  (Karr, 
1981;  Karr  et  al.,  1986)  was  calculated  for  composite  collections  of  each  stream  site 
to  provide  a  relative  measure  of  stream  biological  integrity/quality. 

Aquatic  insects  were  sampled  at  primary  sites  with  a  fine,  220  /xm  mesh  Surber 
sampler.  Four  Surber  samples  were  taken  during  each  site  visit.  To  obtain  a  represen¬ 
tative  invertebrate  sample  for  each  site,  each  Surber  sample  was  taken  over  a  dif¬ 
ferent  substrate  type.  Additional  insects  were  taken  by  picking  rocks  in  riffle  areas 
and  collecting  those  caught  in  the  seine  while  sampling  fish.  The  Surber  samples 
were  picked  in  the  field  until  most  insects  were  removed  or  for  a  maximum  of  60 
minutes  for  2  persons.  The  samples  were  preserved  in  10%  formalin  and  later  trans¬ 
ferred  to  40%  isopropyl  alcohol.  Keys  in  Hilsenhoff  (1975)  were  used  to  identify 
aquatic  insects  to  the  genus  level.  Hilsenhoff’s  (1977)  Biotic  Index  was  calculated 
fox  composite  samples  of  each  primary  site  to  provide  an  independent  assessment 
of  the  relative  biological  integrity/quality  of  the  sampling  sites. 

RESULTS  AND  DISCUSSION 

Physico-chemical  Conditions 

None  of  the  sites  showed  extremes  in  water  temperature;  temperatures  ranged 
from  a  low  of  13°C  in  autumn  1985,  to  a  high  of  27°C  in  July  1986.  Site  D  showed 
little  variation  in  temperature  over  the  study  period  (14-17. 5°C),  probably  because  of 
spring  seeps  feeding  the  stream  from  the  surrounding  moraines.  Obviously,  tempera¬ 
tures  were  much  lower  during  winter  months  when  sampling  was  not  conducted. 

Dissolved  oxygen  levels  ranged  from  6-12  ppm  over  the  sampling  sites.  These 
levels  were  within  acceptable  limits  for  fish  and  always  within  2  ppm  of  saturation. 
There  was  no  measurable  BOD  at  any  of  the  primary  sites.  Net  primary  produc¬ 
tivity  was  low,  ranging  from  .5  to  1.5  ppm  DO.  Conductivities  ranged  between 
600-700  MHO’s  and  pH  ranged  from  7.5  to  8.2  over  the  sampling  sites.  These  values 
are  typical  for  surface  waters  of  McHenry  County  (Tichacek,  1968). 

The  water  quality  of  Nippersink  Creek  appeared  to  be  relatively  good.  Tichacek 
(1968)  reported  that  Nippersink  Creek  had  some  pollution  problems  in  the  early 
1960’s  but  these  problems  have  been  rectified  by  construction  of  modern  sewage 
treatment  plants  at  municipalities  throughout  the  drainage. 

Habitat  Characteristics 

Habitat  characteristics  of  the  stream  sites  are  summarized  in  Table  1.  Site  D 
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was  the  smallest  stream  sampled  (first  order,  1.9  m  wide),  followed  by  site  F  (second 
order,  5  m  wide).  Sites  A,  B,  D,  E,  G,  H  were  moderatly  large  streams,  3  to  4th 
order  and  6-15  m  wide.  Sites  I  and  J  were  small  rivers,  4  to  5th  order  and  20  m 
wide.  All  of  the  sites  exhibited  slow  to  moderate  currents  which  is  consistent  with 
the  drainage’s  relatively  steep  gradient.  Headwater  sites  D  and  F  had  silty-sandy 
substrates  while  downstream  sites  had  coarser,  sandy-gravelly  substrates.  Although 
mean  substrate  values  do  not  indicate  the  presence  of  larger  substrates,  downstream 
sites  had  well-developed  riffle  areas  which  were  strewn  with  rocks,  cobbles,  and 
occasional  boulders.  Mean  depths  ranged  from  13  cm  at  Site  D  to  50  cm  at  Site 
J  and  pools  at  downstream  stations  exceeded  2  m  in  depth.  The  headwater  sites 
have  been  channelized  and  had  little  channel  complexity  and  virtually  no  woody 
riparian  vegetation.  A  section  of  the  stream  at  Site  D,  however,  had  a  relatively 
natural  channel  with  a  well-developed  riparian  canopy  where  the  stream  flowed 
along  the  base  of  a  wooded  moraine.  Downstream  sites  did  not  appear  to  have  been 
channelized  and  had  well-developed  riparian  vegetation  dominated  by  large  trees 
and  shrubs.  Aquatic  vegetation  (predominantly  Potomegeton  spp.  and  Elodea  spp.) 
was  commonplace  along  quiet  edges  at  the  stream  sites. 

In  comparison  to  the  mainstream  of  Nippersink  Creek,  the  North  Branch  was 
clearer  and  had  coarser  substrates  and  lower  levels  of  silt.  This  observation  probably 
reflects  the  different  physiographies  of  the  two  sub-drainages;  the  mainstream 
Nippersink  is  located  mostly  on  an  unconsolidated  glacial  outwash  plain  (Tichacek, 
1968)  and  is  intensively  cultivated,  while  the  North  Branch  occupies  a  narrower 
watershed  with  more  complex  topography  and  includes  a  natural  glacial  lake  (Lake 
Elizabeth).  The  North  Branch’s  watershed  does  not  appear  to  be  as  intensively  culti¬ 
vated  as  pasture  is  the  most  common  land  use. 

Fishes 

Fish  collection  data  for  the  stream  sites  are  summarized  in  Table  2.  Overall, 
2,681  fish  representing  41  species  and  10  families  were  collected  in  the  drainage 
and  fish  were  relatively  abundant  at  the  sampling  sites.  Mean  collection  sizes  varied 
from  16  to  219  individuals.  Except  for  Site  B,  all  sites  had  mean  collection  sizes 
in  excess  of  100  individuals.  The  fish  fauna  at  the  sites  was  relatively  diverse,  with 
a  low  of  12  species  for  Site  F  and  a  high  of  24  species  for  Site  A.  The  higher  diversities 
obtained  at  primary  sites  A-D  (16-24)  may  reflect  repeated,  seasonal  sampling. 
Seasonal  patterns  in  species  abundances  at  the  four  primary  sites  were  not  evident. 

The  dominant  group  of  fishes  were  minnows  ( Cyprinidae )  with  2,351  individuals 
representing  87.7%  of  the  total  collection  (Table  2).  Among  minnows,  the  bigmouth 
shiner  (Notropis  dorsalis),  spotfin  shiner  (N.  spilopterus) ,  and  sand  shiner  (N. 
stramineus)  were  the  most  abundant  species,  but  the  hornyhead  chub  ( Nocomis 
biguttatus),  common  shiner  ( Notropis  cornutus ),  creek  chub  ( Semotilus  atromacu- 
latus),  central  stoneroller  ( Campostoma  anomalum ),  and  fathead  minnow 
(Pimephales  promelas )  also  were  relatively  common.  Relatively  common  non¬ 
minnow  species  included  the  white  sucker  ( Catostomus  commersoni) ,  brook  stick¬ 
leback  ( Culaea  inconstans),  largemouth  bass  (Micropterus  salmoides),  johnny  darter 
(. Etheostoma  nigrum),  and  banded  darter  ( Etheostoma  zonale). 

Karr  s  Index  of  Biotic  Integrity  (IBI)  indicates  that  the  fish  communities  may 
be  rated  good  to  very  good  (50-56)  and  very  good  for  the  Nippersink  drainage  as 
a  whole  (x  =  54;  Table  2).  In  a  recent  fisheries  assessment  of  the  Fox  River  basin, 
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Sallee  and  Bergmann  (1986)  provide  IBI  values  of  38,  44  and  48  for  3  Nippersink 
Creek  sites  sampled  in  1982,  which  are  similar  to  values  they  calculate  for  two  of 
Brigham  et  al’s  (1978)  1976  sites  (38,46).  As  suggested  later  in  this  paper,  their 
Nippersink  samples  do  not  appear  to  be  very  comprehensive,  which  may  explain  their 
relatively  low  IBI  values  in  comparison  to  mine.  Nevertheless,  IBI  values  from 
Nippersink  Creek  are  outstanding  in  comparison  to  other  northeastern  Illinois 
streams.  For  example,  I  found  ranges  of  15-41  (very  poor  to  fair)  for  stations  on 
tributaries  of  the  DuPage  and  DesPlaines  rivers  (Gorman,  1987a).  In  a  more  com¬ 
prehensive  analysis  of  Brigham  et  al.'s  (1978)  survey  of  8  watersheds  in  the  Fox, 
DuPage,  and  DesPlaines  river  drainages,  Fausch  et  al.  (1984)  found  IBI  values  rang¬ 
ing  from  0  (no  fish)  to  56  (good-excellent)  and  a  mean  index  of  31  (poor).  These 
comparative  studies  indicate  that  Nippersink  Creek  is  an  unusual  stream  in  the  north¬ 
ern  Illinois  region;  the  stream  contains  relatively  high  quality  aquatic  habitat  and 
a  relatively  rich  fish  fauna. 

Fifteen  fishes  were  recognized  as  notable  species  because  they  were  unusual, 
rare,  or  indicators  of  high  water  quality  (Table  2).  Noteworthy  status  was  determined 
by  using  information  on  species  distribution  and  ecology  from  major  ichthyological 
references  (Cross,  1967;  Pflieger,  1975;  Smith,  1979;  Lee  et  al.,  1980;  Trautman, 
1981).  The  presence  or  absence  of  these  species  provided  an  additional  tool  for  evalu¬ 
ating  stream  sites  for  habitat  and  faunal  quality.  Most  of  the  notable  species  were 
rare,  sporadically  captured,  or  found  at  few  sites.  A  ranking  of  sites  by  the  number 
of  notable  species  showed  primary  Sites  A-D  to  be  the  top  four  with  4  to  9  species 
(Table  2).  Samples  from  the  remaining  supplementary  Sites  E-J  yielded  only  1  or 
2  notable  species. 

The  presence  of  nine  of  these  notable  species  in  the  North  Branch  of  Nippersink 
Creek  is  indicative  of  a  high-quality  warm- water  stream.  These  indicator  species 
include  the  hornyhead  chub,  northern  mimic  shiner  (Notropts  volucellus  volucellus ), 
rosyface  shiner  ( Notropis  rubellus ),  northern  hog  sucker  (. Hypentelium  nigricans), 
stonecat  (Noturus  flavus) ,  brook  silverside  (Labidesthes  sicculus) ,  smallmouth  bass 
(Micropterus  dolomieui),  rock  bass  (Ambloplites  rupestris ),  and  banded  darter.  Five 
to  seven  of  these  species  were  found  together  at  primary  Sites  A,  B,  and  C  (Table 
2).  This  assemblage  is  an  uncommon  one  in  Illinois  but,  with  the  exception  of  the 
northern  mimic  shiner,  is  typical  of  those  found  in  clear,  spring-fed  streams  in  the 
Ozarks  (Pflieger,  1975;  Gorman,  1987b). 

Another  assemblage  of  four  notable  species  deserving  special  mention  occurred 
at  Site  D.  Here  springs  from  the  surrounding  moraines  maintain  clear,  cool,  flow¬ 
ing  waters  required  by  the  blacknose  dace  ( Rhinichthys  atratulus) ,  southern  red- 
belly  dace  ( Phoxinus  erythrogaster) ,  and  brook  stickleback.  The  presence  of  a  young 
northern  pike  (Esox  lucius )  suggests  that  this  stream  contains  suitable  spawning  hab¬ 
itat  for  the  species. 

The  remaining  notable  species  include  the  tadpole  madtom  (Noturus  gyrinus), 
represented  by  one  specimen  from  Site  G,  and  the  central  mudminnow  (Umbra 
limi),  which  was  represented  by  one  specimen  from  primary  Site  C.  This  last  species 
was  relatively  common  in  concurrent  surveys  of  marshes  and  oxbow  ponds  in  the 
drainage  (Murphy  and  Gorman,  1986). 

My  collection  records  for  the  Nippersink  drainage  are  compared  with  Smith  s 
(1979)  1950-1972  records,  Brigham  et  al.’s  (1978)  1976  records,  and  Sallee  and 
Bergmann’s  (1986)  1982  records  in  Table  3.  Smith  shows  records  for  32  species  in 
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Nippersink  Creek  but  only  21  species  above  Spring  Grove.  Brigham  et  al.  show  29 
species  for  Nippersink  Creek  but  only  20  species  above  Spring  Grove,  Sallee  and 
Bergmann  show  32  species  for  Nippersink  Creek  but  only  18  species  above  Spring 
Grove,  and  my  records  show  41  species  above  Spring  Grove.  A  composite  of  our 
records  shows  53  species  in  the  Nippersink  drainage.  For  the  combination  of  Nipper¬ 
sink  Creek  and  the  Fox  Lake  complex  and  its  related  drainages  in  McHenry  and 
Lake  counties  (hereafter  referred  to  as  the  Fox  Lake  drainage),  our  composite  records 
show  72  species,  which  represents  about  70%  of  the  102  known  species  in  the  Fox 
River  system  (Smith,  1971).  My  records  show  12  new  species  in  Nippersink  Creek 
above  Spring  Grove  and  4  new  species  in  the  Fox  Lake  drainage.  The  four  new 
species  for  the  Fox  Lake  drainage  are:  southern  redbelly  dace,  northern  hog  sucker, 
suckermouth  minnow,  and  brook  stickleback.  The  closest  post- 1950  records  for  the 
first  two  of  these  species  are  from  the  Fox  River  drainage  in  Kane  County  (Brigham 
et  al.,  1978;  Sallee  and  Bergmann,  1986).  The  closest  suckermouth  minnow  record 
is  from  the  Fox  River  below  the  Algonquin  Dam,  lower  McHenry  County  (Brigham 
et  al.,  1978)  and  the  closest  brook  stickleback  record  is  from  Boone  Creek,  McHenry 
County  (Smith,  1979).  The  grass  pickerel  (Esox  americanus) ,  reported  in  Nippersink 
Creek  by  Sallee  and  Bergmann  (1986),  and  the  rosyface  shiner,  taken  in  my  samples 
and  reported  for  Nippersink  Creek  by  Sallee  and  Bergmann,  are  also  new  species 
to  the  Fox  Lake  drainage  (Table  3). 

My  new  distributional  records  suggest  that  Nippersink  Creek  has  not  been 
throughly  surveyed  in  the  past  or  that  some  species  from  the  lower  Nippersink  have 
recently  invaded  upstream  reaches.  Five  relatively  common  species  in  the  Fox  Lake 
drainage  (common  carp  [Cyprinus  carpio ],  emerald  shiner  [Notropis  atherinoides ], 
fathead  minnow,  brook  silverside,  and  banded  darter)  in  my  records  but  not  in 
Smith’s  (1979)  above  Spring  Grove,  support  the  suggestion  that  upper  Nippersink 
Creek  has  not  been  thoroughly  sampled  in  the  past.  The  lack  of  common  shiners, 
bigmouth  shiners,  and  darters  in  Brigham  et  al.'s  (1978)  records  for  the  Nippersink 
Creek  also  supports  this  interpretation.  Sallee  and  Bergmann’s  (1986)  survey  appears 
more  comprehensive,  but  they  reported  only  one  darter  species  and  failed  to  detect 
any  madtoms  in  Nippersink  Creek.  These  more  recent  surveys  of  the  Fox  Lake  drain¬ 
age,  however,  are  much  more  comprehensive  than  the  pre-1908  surveys  of  Forbes 
and  Richardson  (1908),  when  only  37  species  were  recorded.  Most  of  the  additional 
species  in  the  more  recent  surveys  were  probably  present  prior  to  1908. 

Aquatic  Insects 

A  composite  summary  of  the  aquatic  insects  from  primary  Sites  A-D  is  presented 
in  Table  4.  A  total  of  973  aquatic  insects  representing  39  genera  was  collected.  The 
fauna  was  dominated  by  dipterans,  ephemeropterans,  and  trichopterans.  Primary 
sampling  Sites  A,  B,  and  C  on  the  North  Branch  of  Nippersink  Creek  contained 
the  richest  insect  assemblages,  with  13  to  27  genera.  Most  of  the  genera  collected 
are  considered  indicators  of  high-quality  stream  conditions  (Hilsenhoff,  1977). 
Hilsenhoff’s  (1977)  Biotic  Index  indicated  that  mainstream  sites  A-C  and  E  had  good 
to  excellent  aquatic  insect  communities,  which  reflects  clean,  undisturbed  to  slightly 
disturbed  or  enriched  conditions.  These  results  are  congruent  with  those  of  the  fish 
faunal  surveys  and  emphasize  the  high  quality  of  environmental  conditions  found 
in  the  North  Branch  of  Nippersink  Creek.  Such  high  biotic  Index  ratings  are  probably 
unusual  in  northeastern  Illinois  where  most  streams  have  been  seriously  degraded 
(Brigham  et  al.,  1978;  Karr,  1981;  Fausch  et  al.,  1984).  For  example,  Gorman 
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(1987a)  found  aquatic  insect  communities  in  streams  in  Cook  and  DuPage  counties 
to  have  Hilsenhoff  Biotic  Indexes  in  the  poor  to  very  poor  range,  indicating  significant 
to  gross  enrichment  or  distrubance. 
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Table  1.  Habitat  characteristics  of  stream  sampling  sites  in  the  Nippersink  Creek 
drainage.  Typical  substrates:  st  -  silt,  ss  -  silty  sand,  sd  -  sand,  gv  -  gravel, 
pb  -  pebble,  rk  -  rock.  Locations  of  sites  are  shown  in  Figure  1. 


SITES 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Stream  order 
Mean  channel 

3 

3 

4 

1 

4 

2 

3 

4 

4 

5 

width  (m) 
est.  discharge 

6.5 

7.0 

8.6 

1.9 

6.8 

5.0 

10.0 

15.0 

20.0 

20.0 

(m3/sec) 

0.7 

0.7 

0.8 

0.08 

0.8 

0.1 

0.5 

1.0 

1.5 

2.0 

Mean  depth  (m) 
Mean  current 

.33 

.32 

.35 

.13 

.22 

.20 

.35 

.30 

.35 

.50 

(m/sec) 

Mean  substrate 

.21 

.18 

.18 

.07 

.24 

.10 

.15 

.22 

.20 

.22 

size  (mm) 
Typical 

9.0 

5.0 

5.1 

0.8 

11.1 

0.8 

4.0 

6.0 

6.0 

10.0 

substrates 

pb 

sd 

sd 

sd 

gv 

sd 

sd 

sd 

sd 

gv 

gv 

st 

gv 

ss 

pb 

ss 

gv 

pb 

gv 

sd 

rk 

ss 

pb 

gv 

sd 

gv 

ss 

gv 

ss 

pb 

Table  2.  Summary  of  fishes  collected  at  sampling  sites  in  the  Nippersink  drainage.  Site  locations  are  shown  in  Figure  1. 
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Table  2.  (continued). 
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Table  3.  Composite  records  of  fishes  from  the  upper  Nippersink  Creek  and  Fox  Lake  drainages.  Symbols:  X  =  record  from 
upper  Nippersink  Creek  (above  Spring  Grove,  see  Fig.  1);  LX  =  record  from  lower  Nippersink  Creek  (below  Spring 
Grove);  F  =  pre-1908  record  for  Fox  Lake  Drainage;  +  =  post- 1950  composite  record  for  Nippersink  drainage; 
?  =  post- 1950  record  for  Fox  Lake  drainage;  —  =  no  record;  *  =  new  record  (this  report)  for  upper  Nippersink 
Creek;  **  new  record  (this  report)  for  Fox  Lake  drainage;  |  =  Spring  Grove  hatchery  release. 
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Table  4.  Aquatic  insects  of  primary  sampling  sites  in  the  Nippersink  drainage. 
Site  locations  are  shown  in  Figure  1. 


Taxa 

A 

B 

SITE 

C 

D 

E 

Total 

EPHEMEROPTERA 

Baetidae 

Baetis 

25 

47 

70 

40 

182 

Pseudocloeon 

11 

14 

6 

— 

— 

31 

Heptageniidae 

Stenacron 

19 

1 

5 

25 

Stenonema 

— 

— 

2 

— 

— 

2 

Tricorythidae 

Tricorythodes 

14 

13 

27 

ODONATA 

Aeshnidae 

Aeshna 

2 

2 

Boyeria 

— 

1 

3 

2 

— 

6 

Calopterygidae 

Hetaerina 

13 

9 

4 

26 

Gomphidae 

Gomphus 

1 

3 

4 

Libellulidae 

Libellida 

1 

1 

HEMIPTERA 

Belostomatidae 

Belostoma 

2 

2 

Corixidae 

Sigara 

1 

1 

Hebridae 

Marragata 

1 

1 

Notonectidae 

Notonecta 

6 

6 

Veliidae 

Rhagovelia 

1 

1 

TRICHOPERA 

Hydropsychidae 

Hydropsyche 

56 

35 

8 

14 

113 

Cheumatopsyche 

2 

41 

— 

— 

— 

43 

Leptoceridae 

Oecetis 

2 

2 

Nectopsyche 

— 

— 

— 

— 

1 

1 

Limnephilidae 

Limnephilus 

3 

3 

COLEOPTERA 

Elmidae 

St  en  el  mis 

2 

3 

7 

12 
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Table  4.  (continued). 


Taxa 

A 

B 

SITE 

C 

D 

E 

Total 

Gyrinidae 

Gy  r  inns 

17 

3 

2 

2 

— 

24 

Hydrophilidae 

Tropisternis 

— 

— 

1 

— 

— 

1 

Psephenidae 

Psephenus 

— 

1 

— 

— 

— 

1 

DIPTERA 

Chironomidae 

Crypto  chironomus 

— 

— 

— 

1 

— 

1 

Paratendipes 

— 

— 

— 

44 

— 

44 

Polypedilium 

— 

— 

4 

— 

— 

4 

Microtendipes 

— 

— 

5 

— 

— 

5 

Eukiejjeriella 

— 

— 

7 

1 

6 

14 

Cardiocladius 

1 

2 

3 

— 

11 

17 

Cricotopus 

7 

— 

1 

— 

— 

8 

Rhagionidae 

Atherix 

— 

— 

— 

3 

— 

3 

Simuliidae 

Eusimulium 

151 

71 

30 

— 

— 

252 

Prosimulium 

13 

25 

13 

1 

81 

65 

Cnephia 

— 

— 

8 

— 

— 

8 

Tabanidae 

Chrysops 

— 

1 

— 

— 

— 

1 

Tipulidae 

H  exatom  a 

— 

— 

1 

— 

— 

1 

Tipida 

4 

2 

1 

— 

— 

7 

Total  number  of  insects 

291 

288 

209 

56 

129 

973 

Total  number  of  genera 

13 

19 

27 

8 

11 

39 

Hilsenhoff’s  Biotic 

Index* 

1.59 

2.25 

1.83 

2.83 

1.93 

2.09(x) 

Water  quality 

excellent 

good 

good 

fair 

good 

good 

*Hilsenhoff’s  (1977)  Biotic  Index  for  aquatic  insect  communities.  Amphipods  and 
isopods  (not  shown  above)  are  included  in  the  calculation  of  this  index. 


Biotic  Index 


<1.75 

1.75-2.25 

2.25-3.00 

3.00-3.75 

>3.75 


Water  Quality 

excellent 

good 

fair 

poor 

very  poor 


Stream  Condition 

clean  and  undisturbed 
some  enrichment  or  disturbance 
moderate  enrichment  or  disturbance 
significant  enrichment  or  disturbance 
gross  enrichment  or  disturbance 


.  El  Izabeth 
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Figure  1.  Aquatic  fauna  sampling  sites  in  the  Nippersink  Creek  drainage  in  McHenry  County,  Illinois. 

Letters  and  solid  dots  identify  locations  of  study  sites  described  in  the  text.  Open  circle  shows 
the  location  of  Spring  Grove.  Base  map:  General  Highway  Map  of  McHenry  County,  Illinois, 
prepared  by  the  Illinois  Department  of  Transportation,  1983  revision. 
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ABSTRACT 

A  survey  of  the  fishes  and  macroinvertebrates  of  six  Chicago-area  streams  in 
Illinois  was  conducted  in  1984-85.  The  faunas  were  typical  of  highly  disturbed  and 
enriched  streams;  at  most  sites  the  number  of  individuals  and  species  was  low  and 
intolerant  species  were  not  collected.  A  total  of  17  fish  species  representing  6  families, 
and  20  aquatic  insect  genera  representing  14  families  was  collected.  Karr’s  (1981) 
index  of  biotic  integrity  indicated  that  the  fish  faunas  of  most  of  the  streams  sampled 
were  of  poor  to  very  poor  quality.  Similar  results  were  obtained  for  the  aquatic 
insect  faunas  with  Hilsenhoff’s  (1977)  biotic  index.  A  comparison  of  records  of 
Chicago-area  fishes  from  the  late  19th  and  early  20th  century  with  contemporary 
post- 1950  records,  shows  massive  changes  in  the  composition  of  the  region’s  fish  fauna 
in  the  past  100  years.  These  changes  appear  to  be  a  consequence  of  the  widespread 
disturbance  and  pollution  of  streams  that  accompanied  the  development  of  the 
Chicago  region.  Stream  biotas  can  contribute  significantly  to  downstream  water 
quality  by  processing  nutrients  received  from  runoff,  but  without  a  thriving  biota, 
headwater  streams  function  merely  as  conduits.  By  disrupting  the  establishment 
and  function  of  stream  biotas,  continued  perturbation  of  headwater  streams  and 
their  watersheds  in  the  Chicago  area  may  prevent  the  achievement  of  future  water 
quality  goals  for  the  region. 


INTRODUCTION 

In  the  mid- 19th  century,  Kennicott  (1855)  published  a  list  of  30  species  of  fishes 
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from  Cook  County  streams  before  the  region  was  heavily  settled.  More  compre¬ 
hensive  late  19th  and  early  20th  century  surveys  by  Forbes  and  Richardson  (1908) 
and  Meek  and  Hildebrand  (1910)  reported  more  than  60  species.  These  later  studies 
provide  a  record  of  the  fish  communities  once  found  in  Chicago-area  streams.  Sur¬ 
veys  conducted  since  1950  have  documented  the  dramatic  loss  of  fish  species  and 
aquatic  habitat  that  accompanied  the  development  of  the  Chicago  region  after  the 
turn  of  the  century  (Smith,  1971,  1979;  Brigham  et  al.,  1978;  Karr,  1981;  Karr  et 
ah,  1985;  Fausch  et  ah,  1984;  Bertrand,  1984). 

The  1984-85  survey  reported  here  emphasizes  repeated,  seasonal  sampling  of 
small  headwaters  because  these  streams  are  most  sensitive  to  perturbation  (Karr  and 
Gorman,  1975;  Karr  and  Dudley,  1978;  Gorman  and  Karr,  1978),  are  often  under¬ 
represented  in  area  surveys,  and  are  often  overlooked  in  assessing  environmental 
impacts.  In  addition  to  fishes,  a  survey  of  aquatic  macroinvertebrates  and  meas¬ 
ures  of  physicochemical  parameters  were  included  in  the  assessment  of  these  streams. 
Indexes  of  biotic  integrity  for  fishes  (Karr,  1981;  Karr  et  ah,  1986)  and  aquatic  insects 
(Hilsenhoff,  1977)  were  calculated  for  each  sampling  site.  These  indexes  allow  assess¬ 
ment  and  comparison  of  the  quality  of  biological  communities  on  a  regional  basis. 

STUDY  AREAS 

Seven  sites  on  six  streams  were  sampled  in  the  Chicago  region  (Cook,  DuPage, 
and  Lake  counties;  Fig.  1).  The  streams  sampled  were  the  West  Branch  of  the 
DuPage  River  (Site  A),  Meacham  Creek  (Site  B),  Salt  Creek  (Site  C),  Willow  Creek 
(Site  D),  Bensenville  Ditch  (Site  E),  and  Aptakisic  Creek  (Sites  F  and  G).  The  two 
sites  on  Aptakisic  Creek  (F  and  G)  were  sampled  once  in  September  1984  and  the 
remaining  sites  A-E  were  sampled  monthly  from  May  through  October  1985.  The 
sites  are  described  briefly  below. 

Site  A.  Bensenville  Ditch  (T40N,  R11E,  section  13).  This  first  order  stream  was 
located  in  Cook  County  on  the  O'Hare  Airport  property  and  is  a  tributary  of  the 
DesPlaines  River.  The  stream  has  been  channelized  and  the  local  watershed  has 
undergone  repeated,  massive  disturbances  from  ongoing  construction  on  airport 
property. 

Site  B.  Willow  Creek  (T40N,  R11E,  section  11).  This  site  was  located  in  DuPage 
County  just  west  of  the  intersection  of  Thorndale  Avenue  and  York  Road.  The  first- 
order  stream  is  a  headwater  of  Willow  Creek,  a  tributary  of  the  DesPlaines  River. 
The  stream’s  original  channel  has  been  relocated  since  the  area  was  developed,  and 
above  the  sampling  site  the  stream  is  contained  within  underground  storm  sewers 
and  drains  an  industrial  park  complex. 

Site  C.  Salt  Creek  (T40N,  R11E,  section  4).  This  site  was  located  in  DuPage 
County  where  Thorndale  Road  crosses  the  stream  approximately  2.5  km  west  of 
the  intersection  with  Ill.  Rte.  83.  Salt  Creek  is  a  3-4th  order  tributary  of  the 
DesPlaines  River  and  the  watershed  above  the  sampling  site  contains  a  large  portion 
of  highly  urbanized  western  Cook  County.  Approximately  3  km  north.  Salt  Creek 
has  been  dammed  to  form  Busse  Wood  Reservoir.  The  site  has  been  channelized 
and  the  immediate  vicinity  was  undergoing  industrial  park  development  during  the 
period  of  study. 

Site  D.  Meacham  Creek  (T40N,  R10E,  section  1  and  T41N,  R10E,  section  36). 
This  site  was  located  in  DuPage  County  between  Nerge  and  Meacham  Roads.  The 
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stream  is  a  small,  first-order,  channelized  headwater  of  Meacham  Creek,  a  tribu¬ 
tary  of  Salt  Creek.  The  stream  drains  a  residential  area  in  DuPage  and  Cook  coun¬ 
ties,  and  starting  at  Jensen  Park,  the  upstream  portion  is  contained  within 
underground  storm  sewers. 

Site  E.  West  Branch  of  the  DuPage  River  (T41N,  R10E,  section  31).  This  site 
was  located  in  western  Cook  County  on  the  Metropolitan  Sanitary  District  of  Chicago 
(MSD)  property  just  north  of  the  Milwaukee  RR.  A  supplementary  site  was  located 
downstream  at  Ill.  Rte.  20  in  DuPage  County  (T40N,  R10E,  section  6).  The  stream 
is  a  lst-2nd  order  headwater  that  drains  urban  and  residential  areas  of  Hanover 
Park  and  Schaumburg.  The  upper  DuPage  River  has  undergone  massive  modifica¬ 
tion  and  channelization  in  the  last  30  years  as  the  area  became  urbanized.  North 
of  Irving  Park  Road  (Ill.  Rte.  19)  the  stream  is  contained  within  an  underground 
storm  sewer  system.  Just  north  of  MSD  property,  output  from  a  large  sewage  treat¬ 
ment  plant  dominates  the  discharge  of  the  stream  (est.  >  90%). 

Site  F.  Aptakisic  Creek  at  Busch  Road  (T43N,  R11E,  section  28).  This  site  was 
located  in  Lake  County  at  Busch  Road.  The  stream  is  headwater  of  Aptakisic  Creek, 
a  second  order  tributary  of  the  DesPlaines  River.  At  the  time  of  the  sampling,  the 
upper  watershed  was  largely  agricultural  but  subsequently  has  undergone  extensive 
residential  development.  The  stream  in  this  area  had  been  channelized  about  20 
years  earlier. 

Site  G.  Aptakisic  Creek  at  the  DesPlaines  River  (T43N,  R11E,  section  35).  This 
site  was  located  in  Lake  County  above  the  mouth  of  Aptakisic  Creek  on  the  flood- 
plain  of  the  DesPlaines  River. 


METHODS 

During  each  visit  to  study  sites  A-E,  the  following  physico-chemical  parameters 
were  measured  with  portable  instrumentation:  temperature,  dissolved  oxygen  (DO), 
conductivity,  and  pH.  Biochemical  oxygen  demand  (BOD)  was  measured  for  stream 
sites  A-E  in  August  or  September  1985.  BOD  was  expressed  as  the  difference  between 
intitial  DO  and  dark  bottle  DO  concentrations,  and  net  primary  productivity  was 
expressed  as  the  difference  between  light  bottle  and  initial  DO  concentrations  (after 
Wetzel  and  Likens,  1979).  A  modified  Winkler  method  (Hach  DO  kits)  was  used 
for  light  and  dark  bottle  DO  determinations. 

For  stream  sites  A-E,  habitat  was  measured  using  the  method  of  Gorman  and 
Karr  (1978)  to  describe  stream  habitat  characteristics.  This  included  determination 
of  mean  channel  width,  estimated  sustained  discharge,  mean  depth,  mean  current 
speed,  and  mean  substrate  size  and  typical  substrate  types.  A  minimum  of  30  habitat 
sample  points  were  taken  at  each  site.  Description  of  habitat  characteristics  for  sites 
F  and  G  were  based  on  observations  recorded  in  field  notes. 

Fishes  were  sampled  using  3  and  5  mm  mesh  seines,  1x3  and  1 .5  x  5  m,  respec¬ 
tively,  in  size.  At  each  site,  100  m  of  stream  channel  was  seined  4  to  8  times.  Fishes 
over  250  mm  in  length  were  measured  and  released.  Samples  of  smaller  fishes  were 
initially  preserved  with  10%  formalin,  later  washed,  and  finally  stored  in  40% 
isopropyl  alcohol.  Fishes  were  identified  with  the  aid  of  the  following  references: 
Cross  (1967),  Pflieger  (1975),  Smith  (1979),  and  Trautman  (1981).  Vouchers  of  spe¬ 
cies  collected  have  been  deposited  in  the  Field  Museum  of  Natural  History  at  Chicago 
and  in  the  Museum  of  Natural  History  at  the  University  of  Kansas.  Karr’s  index 
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of  biotic  integrity  (Karr,  1981;  Karr  et  al.,  1986)  was  calculated  for  the  composite 
collections  for  each  stream  site  to  provide  a  relative  measure  of  stream  biological 
integrity/ quality. 

Macroinvertebrates  were  sampled  at  sites  A-E  with  a  fine,  220  pm  Surber 
sampler.  Four  Surber  samples  were  taken  during  each  site  visit.  To  obtain  a  represen¬ 
tative  invertebrate  sample  for  each  site,  each  Surber  sample  was  taken  over  a  dif¬ 
ferent  substrate  type.  Additional  invertebrates  were  collected  from  the  seine  while 
sampling  fish.  The  samples  were  picked  in  the  field  until  most  invertebrates  were 
removed  or  for  a  maximum  of  60  minutes  for  2  persons  (2  man-hours).  The  samples 
were  initially  preserved  in  10%  formalin  and  later  transferred  to  40%  isopropyl 
alcohol.  Keys  in  Hilsenhoff  (1975)  and  Pennak  (1978)  were  used  to  identify  inverte¬ 
brates  to  the  genus  level.  Hilsenhoff’s  (1977)  Biotic  Index  was  calculated  for  composite 
samples  of  aquatic  insects  from  each  primary  site  to  provide  an  independent  assess¬ 
ment  of  the  relative  biological  integrity/quality  of  the  sampling  sites. 

RESULTS 

Physico-chemical  Conditions 

None  of  the  sites  experienced  extremes  in  temperature  which  can  be  attributed 
to  the  mild  summer  conditions  in  1985.  During  the  summer  months  of  1985  (June- 
Sept.)  the  water  temperature  ranged  from  19  to  27.2  C. 

Dissolved  oxygen  (DO)  at  most  sites  and  sample  periods  was  adequate  for  fishes 
and  usually  close  to  saturation  level.  Exceptions  occurred  at  sites  A,  B,  and  D  where 
DO  sometimes  dropped  below  saturation  to  3.0  ppm  or  less,  a  level  stressful  or  inade¬ 
quate  for  most  fish.  Examples  of  supersaturation  (0. 1-3.8  ppm  above  saturation) 
were  recorded  at  sites  C,  D,  and  E.  The  high  densities  of  algae  (e.g.,  Spirogyra, 
Cladophora,  Hydrodictyon)  and  macrophytes  (e.g.,  Potamogeton,  Elodea,  Cerato- 
phyllum)  present  at  these  sites  may  have  been  responsible  for  the  supersaturation. 

BOD  was  measured  to  identify  sites  with  serious  organic  pollution  problems 
and  to  assess  relative  net  primary  productivities.  None  of  the  sites  showed  BODs 
in  excess  of  1.6  ppm,  but  this  result  contrasts  sharply  with  another  northeastern 
Illinois  stream,  Nippersink  Creek  (McHenry  County),  where  no  measureable  BOD’s 
were  recorded  (Gorman,  1987).  The  relatively  high  BODs  at  sites  A,  B,  and  D 
(1.4- 1.6  ppm)  may  have  exacerbated  the  occasional  near-anoxic  conditions  recorded 
at  these  sites.  Except  for  Site  A,  none  of  the  sites  showed  very  much  net  produc¬ 
tivity  (usually  <1.0  ppm;  Site  A  was  6.3  ppm).  However,  sites  C  and  D  showed 
negative  net  productivities  (-1.5  and  -  1.2,  respectively),  indicating  that  there 
was  very  little  photosynthetic  activity  in  the  samples  to  overcome  BOD  and  that 
most  of  the  BOD  could  not  be  attributed  to  phytoplankton  respiration. 

Conductivities  were  usually  over  1000  /iMHOs  at  most  sites  and  sample  periods 
and  showed  a  pattern  of  increase  during  the  summer  and  decline  during  the  autumn. 
For  comparison,  typical  tap  water  in  DeKalb,  Illinois  (well  water)  has  conductivi¬ 
ties  in  the  500-600  range.  The  pH  ranged  from  7.4  to  8.2  over  the  stream  sites  and 
sample  periods. 

Habitat  Characteristics 

Habitat  characteristics  of  the  stream  sites  are  summarized  in  Table  1.  Sites  A, 
B,  D,  and  F  were  small,  shallow  streams  with  sluggish  currents  and  small  discharges 
while  Sites  C  and  D  were  larger,  deeper  streams  with  considerable  current  and  dis- 
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charge.  Substrates  were  typically  fine,  with  exposed  clay  deposits  and  silts  being 
most  common.  Substrates  at  sites  A,  D,  and  F  consisted  of  soft,  silty  deposits  rich 
in  organic  matter.  Substrates  at  the  other  stream  sites  were  more  firm  and  consisted 
of  exposed  clay  pans,  gravel,  and  sand.  All  streams  had  been  channelized  and  had 
steep  banks,  and  most  streams  had  poorly  developed  woody  riparian  vegetation. 
Sites  A  and  B  had  well-developed  stands  of  cattails  ( Typha )  along  their  stream 
channels,  but  the  stand  at  Site  B  was  removed  by  dredging  during  July,  1985.  The 
dominant  riparian  vegetation  at  the  remaining  stream  sites  consisted  mainly  of  exotic 
canary  grass  ( Phalaris  arundinacea) . 

Fishes 

A  composite  summary  of  the  fish  collection  data  is  presented  in  Table  2.  In  total, 
573  fish  representing  17  species  and  6  families  were  recorded  in  27  collections.  The 
mean  number  of  fishes  per  collection  at  most  of  the  stream  sites  was  low;  for  the 
27  collections,  the  overall  mean  was  21  (means  for  sites  A-E  ranged  from  0  to  31). 
Sites  A  and  B  harbored  very  few  fish  (totals  were  15  and  1,  respectively).  Only  a 
single  fish,  a  goldfish  (Carassius  auratus),  was  collected  at  Site  B  (Willow  Creek) 
and  this  specimen  was  found  near-dead  and  floundering  in  the  stream.  This  cap¬ 
ture  is  notable  because  goldfish  are  very  tolerant  of  poor  environmental  conditions 
(Smith,  1979).  Only  three  species  were  found  at  Site  A  (Bensenville  Ditch):  fathead 
minnow  ( Pimephales  promelas ),  mosquito  fish  (Gambiisia  affinis),  and  green  sun- 
fish  (Lepomis  cyanellus).  These  species  are  known  for  their  tolerance  of  poor  environ¬ 
mental  conditions  (Smith,  1979;  Karr,  1981;  Trautman,  1981).  While  more  fish  were 
caught  at  Site  C  (Salt  Creek),  the  mean  number  per  collection  was  still  relatively 
low  for  a  stream  of  this  size  (Karr,  1981;  Gorman,  pers.  obs.),  and  one  of  the  most 
common  species,  the  carp  ( Cyprinus  carpio),  is  not  an  indicator  of  good  environ¬ 
mental  quality  (Smith,  1979;  Karr,  1981;  Trautman,  1981).  The  fauna  at  Site  D 
(Meacham  Creek)  was  dominated  by  the  green  sunfish,  indicating  poor  environ¬ 
mental  conditions  (Smith,  1979;  Karr,  1981).  Site  E  (DuPage  Biver)  harbored  the 
most  diverse  assemblage  of  fishes  (12  spp.)  and  also  yielded  the  most  individuals 
(31)  per  collection  for  seasonally  sampled  sites.  However,  the  mean  number  fish 
per  collection  was  below  normal  for  a  stream  with  this  level  of  discharge  (Karr, 
1981;  Gorman,  pers.  obs),  and  the  fauna  was  dominated  by  creek  chub  ( Semotilns 
atromaculatus) ,  sand  shiner  (Notropis  stramineus),  bluntnose  minnow,  fathead  min¬ 
now,  and  green  sunfish,  all  of  which  are  considered  environmentally  tolerant  spe¬ 
cies  (Smith,  1979;  Trautman,  1981).  Other  environmentally  tolerant  species  captured 
were  goldfish  (only  one  captured,  but  many  more  were  sighted)  and  mosquito  fish. 
Three  white  suckers  ( Catostomus  commersoni ),  a  relatively  tolerant  species  (Smith, 
1979;  Trautman,  1981),  were  taken  but  two  were  found  dead  in  the  stream.  Sites 
F  and  G,  which  were  sampled  once,  yielded  the  greatest  number  of  fish  per  collec¬ 
tion  (136  and  103,  respectively).  Site  F  (Aptakisic  Creek)  represented  the  best  head¬ 
water  community  with  9  species,  but  was  dominated  by  creek  chub,  bigmouth  shiner 
(N.  dorsalis),  fathead  minnow,  and  black  bullhead  (Ictalurus  melas),  all  of  which 
are  considered  tolerant  species  (Smith,  1979).  Site  G,  which  was  close  to  the  rela¬ 
tively  large  DesPlaines  Biver,  had  a  surprisingly  low  number  of  species  (7).  Karr’s 
(1981)  index  of  biotic  integrity  was  calculated  for  the  composite  fish  collections  for 
each  stream  site  (Table  2).  The  indexes  ranged  from  very  poor  for  sites  A  and  B 
(22,  15  respectively)  to  fair  for  Site  F  (41). 
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Macroinvertebrate  Fauna 

A  composite  summary  of  the  macroinvertebrate  collection  data  from  sites  A-E 
is  presented  in  Table  3.  Overall,  more  than  772  aquatic  insects  representing  20  genera 
and  14  families  were  collected.  The  insect  fauna  consisted  mainly  of  odonates, 
hemipterans,  and  dipterans.  The  total  absence  of  ephemeropterans,  plecopterans, 
and  trichopterans  is  noteworthy.  Species  in  these  orders  are  generally  much  less 
tolerant  of  stressful  environmental  conditions  (Hilsenhoff,  1977).  At  most  sites  the 
insect  fauna  was  dominated  by  anisopterans,  corixids,  notonectids,  and  chironomids. 
The  eutrophic  conditions  caused  by  effluent  from  an  upstream  sewage  treatment 
plant  at  Site  E  (DuPage  River)  explains  the  preponderance  of  simuliids  at  this  site. 
These  insect  communities  are  typical  of  disturbed  and  highly  eutrophic  streams 
(Hilsenhoff,  1977;  Welch,  1980;  Kondratieff  et  ah,  1984;  Ward,  1984).  Hilsenhoff’s 
(1977)  biotic  index  was  calculated  to  estimate  the  relative  quality  of  the  insect  com¬ 
munities  (Table  3).  The  indexes  ranged  from  3.07  to  3.81,  indicating  poor  to  very 
poor  environmental  conditions  (significant  to  gross  disturbance  or  enrichment). 

Gastropids  and  crayfish  were  relatively  abundant,  particularly  at  sites  A  and 
D  where  large  quantities  of  organic  matter  were  present.  Tubifex  were  very  abun¬ 
dant  at  Site  B,  indicating  a  severe  pollution  problem  (Pennak,  1978).  Isopods  ( Asellus 
spp.)  were  abundant  at  Site  D,  indicating  severe  eutrophication  (Hilsenhoff,  1977). 

DISCUSSION 

A  comparison  of  late  19th  and  early  20th  century  records  from  Forbes  and 
Richardson  (1908)  and  Meek  and  Hildebrand  (1910)  with  more  contemporary  records 
from  Smith  (1979),  Brigham  et  al.  (1978),  Bertrand  (1984),  and  this  report  shows 
great  changes  in  the  fish  fauna  of  Chicago-area  streams  (Table  4).  Overall,  the  num¬ 
ber  of  species  for  the  region  decreased  from  67  species  to  58,  but  21  species  were 
extirpated  and  12  new  species  appeared.  A  more  informative  analysis  shows  that 
since  1908-10,  45  species  were  extirpated  or  became  more  restricted  in  distribution 
in  the  region  while  21  species  were  added  or  increased  their  distribution.  Most  of 
the  new  species  are  characteristic  of  disturbed  streams,  e.g.,  goldfish,  carp,  bigmouth 
shiner,  red  shiner  ( Notropis  lutrensis ),  and  fathead  minnow.  Some  species  with 
increased  distributions  are  considered  environmentally  tolerant  species,  e.g.,  green 
sunfish.  One  new  species,  the  brook  stickleback  ( Culaea  inconstans),  was  probably 
always  present  in  the  Chicago  area  but  was  not  detected  in  the  late  19th  century 
surveys  probably  because  of  insufficient  sampling  effort.  The  greater  number  of 
species  detected  in  the  late  19th  century  surveys  is  more  noteworthy  for  this  reason; 
approximately  19  sites  were  sampled  while  at  least  73  were  sampled  in  the  post- 1950 
surveys  (Table  4).  Many  of  the  environmentally  intolerant  species  collected  in  the 
older  surveys  are  now  rare  or  extirpated  in  Illinois  or  have  been  extirpated  from 
the  Chicago  region,  e.g.,  pugnose  shiner  ( Notropis  anogetius),  blackchin  shiner  (N. 
heterodon),  blacknose  shiner  (N.  heterolepis ),  greater  redhorse  ( Moxostoma  valen- 
ciennesi ),  banded  killifish  (Fundulus  diaphanus) ,  and  banded  darter  ( Etheostoma 
zonale).  Of  these  fishes,  the  pugnose  shiner  and  blacknose  shiner  are  listed  as 
threatened  species  in  Illinois  (Smith  and  Page,  1981). 

A  composite  of  the  post- 1950  records  indicates  the  presence  of  11  to  40  species 
in  the  major  Chicago-area  watersheds  (Table  4).  I  have  omitted  the  Calumet  River 
drainage  because  it  has  been  recently  studied  by  Greenfield  and  Rogner  (1984).  The 
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Chicago,  DuPage,  and  DesPlaines  river  and  Salt  Creek  drainages  are  considered 
to  have  below-average  fish  diversities  for  their  size  in  Illinois  (Smith,  1971).  The 
Chicago  River  drainage,  with  the  lowest  diversity  of  fishes  in  the  area,  appeared 
to  have  been  impacted  by  urban  development  by  the  late  19th  century  when  it  served 
“an  indispensible  purpose  to  the  City  of  Chicago  ...  in  conveying  away  their  liquid 
wastes”  (Forbes  and  Richardson,  1908,  p.  xxxix).  Similarly,  Forbes  and  Richardson 
commented  on  the  turbidity  and  pollution  in  the  lower  DesPlaines  River  (p.  xxxiv). 
Forbes  and  Richardson  commented  more  extensively  on  the  negative  impact  of 
human  disturbance  on  another  Chicago-area  drainage,  the  lower  Fox  River  (pp. 
xlvii-xlviii):  “It  is  claimed  that  the  stream  has  fallen  off  one-half  in  its  low-water 
volume  since  the  clearing  and  cultivating  of  the  land  and  the  draining  of  swamps”. 
They  went  on  to  explain  the  purpose  of  the  watershed’s  natural  basins — “These 
numerous  lakelets,  ponds,  marshes,  and  bogs  furnish,  in  their  aggregate,  a  consider¬ 
able  storage  for  flood  waters,  and  the  volume  of  the  stream  is  consequently  com¬ 
paratively  uniform  and  its  changes  of  level  are  relatively  slow.”  They  remarked  that 
some  of  the  watershed’s  morainic  lakes  had  been  “drained  so  thoroughly  that  they 
have  become  small  prairies”,  and  “though  much  of  the  riverbed  below  Elgin  is  rock, 
the  tributaries  often  bring  large  amounts  of  sediment,  and  various  manufactories 
along  the  river  discharge  a  large  amount  of  refuse  in  the  stream,  and  it  has,  of  late 
years,  become  so  foul  that  nearly  all  fish  except  carp  and  other  filth-enduring  spe¬ 
cies  have  been  drowned  out”.  Apparently,  the  fish  faunas  of  some  streams  in  the 
region  had  already  declined  by  the  time  of  the  late  19th  century  surveys. 

Prior  to  1910,  Hickory  Creek  appeared  to  have  a  relatively  rich  fauna  for  a  third- 
order  stream  and  included  a  number  of  environmentally  intolerant  species,  e.g,, 
pugnose  shiner,  blackchin  shiner,  blacknose  shiner,  least  darter  ( Etheostoma 
microperca ),  and  banded  darter  (Table  4).  Records  in  Meek  and  Hildebrand  (1910) 
show  that  two  small  streams,  Pettibone  Creek  in  North  Chicago  and  a  ditch  in  Glen¬ 
coe,  harbored  blacknosed  dace  (Rhinichthys  atratulus)  and  southern  redbellied  dace 
(Phoxinus  erythrogaster) .  The  former  species  has  been  extirpated  from  Chicago  region 
and  the  latter  may  still  persist  in  some  portions  of  the  DuPage  River  and  Hickory 
Creek  drainages.  A  comparison  of  species  found  in  the  Chicago  area  in  the  late  19th 
century  (Table  4)  with  species  now  found  in  Nippersink  Creek  in  McHenry  County 
(Gorman,  1987)  shows  striking  similarities.  Although  the  Nippersink  Creek  is  not 
pristine,  it  still  harbors  most  of  the  species  originally  found  in  northeastern  Illinois 
streams.  Smith  (1971)  indicated  that  Hickory  Creek  is  the  outstanding  stream  in 
the  Chicago  area  and  his  records  are  supported  by  those  of  Brigham  et  al.  (1978) 
and  Bertrand  (1984). 

My  survey  has  provided  new  distributional  records  for  the  mosquitofish  ( Gam - 
busia  affinis)  in  the  upper  DuPage  River  and  middle  DesPlaines  River  drainages. 
The  presence  of  mosquitofish  in  the  Chicago  region  is  unusual  considering  the  closest 
records  shown  by  Smith  (1979)  are  farther  south  in  the  lower  Rock  and  Illinois  rivers. 
Possibly,  they  are  able  to  persist  through  severe  winters  in  the  Chicago  area  because 
of  the  moderation  of  water  temperatures  by  ground  seeps  and  sewage  treatment 
plant  effluents. 

During  my  1984-85  survey,  destruction  of  aquatic  habitat  throughout  the  region 
was  observed  as  an  ongoing,  everyday  occurrence.  For  example,  sometime  after  the 
completion  of  Smith’s  post- 1950  surveys,  the  larger  south  branch  of  Aptakisic  Creek 
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was  diverted  into  the  Wheeling  Ditch  which  empties  into  the  DesPlaines  River  below 
Wheeling  (Fig.  1).  The  headwater  Site  F  on  the  north  branch  was  destroyed  by 
rechannelization  immediately  after  our  sampling  in  the  fall  of  1984.  Most  of  the 
Aptakisic  Creek  watershed  now  consists  of  housing  developments,  shoping  centers, 
and  industrial  parks.  During  1985  I  observed  similar  examples  of  disturbance  at 
other  sites:  the  Bensenville  Ditch  (Site  A)  was  converted  into  a  storm  sewer  as  part 
of  a  construction  project  on  the  O’Hare  Airport  property;  the  Willow  Creek  head¬ 
water  Site  B,  the  Meacham  Creek  headwater  Site  D,  and  the  Salt  Creek  Site  C  were 
dredged;  massive  landscape  alterations  and  construction  activities  were  under  way 
in  the  immediate  vicinity  of  sites  A,  C,  B,  and  F.  My  failure  to  find  central  mud- 
minnows,  which  typically  inhabits  marsh  habitat  (Smith,  1979),  is  notable  because 
I  sampled  numerous  marshes  in  the  region  (Gorman,  1985).  However,  these  marshes 
were  remnants  of  previously  extensive  ones;  most  were  partially  drained  and  filled 
so  that  standing  water  was  present  only  in  the  spring  and  early  summer. 

Two  independent  biotic  integrity  indexes,  Karr’s  (1981)  for  fish  and  Hilsenhoff’s 
(1977)  for  aquatic  insects,  both  indicated  that  the  aquatic  communities  of  the  streams 
sampled  were  of  low  quality  and  that  the  environments  were  severely  disturbed 
and  enriched  (Tables  2  and  3).  My  findings  are  comparable  to  those  of  Smith  (1971, 
1979),  Brigham  at  al.  (1978),  Karr  (1981),  Fausch  et  al.  (1984),  and  Bertrand  (1984) 
who  also  found  streams  in  the  Chicago  area  to  be  severely  disturbed  and  polluted 
and  contained  fish  assemblages  of  low  diversity.  Karr  (1981)  reported  biotic  indexes 
similar  to  mine  for  some  Chicago-area  streams  (based  on  Brigham  et  al.’s  1976 
surveys) — very  poor  to  poor  biological  integrity  (22-32,  x  =  27).  Bertrand’s  1983 
survey  of  Chicago-area  streams  showed  similar  biotic  indexes — very  poor  to  fair 
(16-44,  x  =  27).  In  contrast,  Karr’s  (1981)  Fox  River  sites  indicated  fair  to  good  biotic 
indexes  (44-52,  x  =  49),  and  for  sites  on  the  Nippersink  Creek,  a  Fox  River  tributary, 
I  found  indexes  ranging  from  good  to  very  good  (50-56,  x  =  54).  Bertrand  (1984) 
has  commented  that  widespread  disease  in  Chicago-area  stream  fish  populations 
is  a  reflection  of  poor  water  quality.  Bertrand  further  argues  that  poor  water  quality 
and  not  a  lack  of  adequate  stream  habitat  structure  is  the  major  impediment  to 
an  improvent  in  the  quality  of  Chicago-area  stream  fish  communities. 

While  present  development  of  the  Chicago  region  does  not  reflect  concern  for 
the  biological  integrity  of  the  areas’  streams,  it  does  reflect  an  emphasis  on  flood 
control;  retention  basins  have  been  constructed  in  areas  of  new  development  to 
control  expected  increases  in  runoff.  While  the  proliferation  of  these  basins  and  ponds 
at  first  appears  to  restore  lost  aquatic  habitat,  a  closer  examination  suggests  otherwise. 
Many  of  these  retention  basins  impound  small  streams  and  block  upstream  movement 
of  fish,  and  the  sunfish  and  bass  stocked  in  these  ponds  eventually  replace  the  stream 
fishes  if  they  were  not  eradicated  by  construction  activities.  Also,  because  these  basins 
are  steep-sided  to  maximize  volume,  they  are  relatively  unproductive  and  contain 
few  fish.  In  a  1961  Division  of  Waterways  report  (Dept.  Publ.  Works,  1961),  these 
flood  retention  basins  are  cited  as  having  the  potential  to  improve  the  water  quality 
of  polluted  streams,  but  the  proliferation  of  these  basins  since  the  1960’s  throughout 
the  Chicago  region  appears  to  have  had  little  impact  on  water  quality. 

The  widespread  nature  of  the  destruction  of  Chicago-area  streams  is  alarming 
and  previous  warnings  concerning  consequences  for  aquatic  faunas  of  the  region 
appear  to  have  been  largely  ignored  (e.g..  Smith,  1971,  1979;  Brigham  et  al.,  1978; 
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Karr  et  al.,  1985).  Even  the  survival  of  the  low-quality  aquatic  faunas  of  small 
Chicago-area  streams  may  be  in  question  because  of  the  unabated  and  extensive 
nature  of  the  region’s  development.  My  survey  purposely  emphasized  small,  head¬ 
water  streams  because  they  are  often  overlooked  in  regional  management  plans  for 
water  and  land  resources.  Small  streams  perform  vital  biological  functions  in  local 
ecosystems,  e.g.,  nutrient  processing  and  productivity  (Hall,  1972;  Vannote  et  al., 
1980)  and  provide  spawning  habitats  and  nurseries  for  many  downstream  fish  species 
(Hall,  1972;  Karr  and  Gorman,  1975).  By  processing  nutrients  received  from  runoff, 
the  biotas  of  headwater  streams  can  contribute  significantly  to  downstream  water 
quality  (Karr  and  Dudley,  1981;  Karr  et  al.,  1985).  But  because  of  their  intimate 
association  with  the  land,  headwater  streams  are  readily  impacted  by  pollutants, 
alterations  of  the  landscape,  and  poor  land-management  practices  (Karr  and 
Schlosser,  1978;  Karr  et  al.,  1983).  Karr  et  al.  (1985)  argue  that  to  realize  a  recovery 
of  water  quality  in  stream  systems,  an  integrated  approach  emphasizing  the  bio¬ 
logical  integrity  of  streams  coupled  with  watershed-level  resource  management  must 
be  implemented.  Present  water  quality  standards  that  emphasize  criteria  for  specific 
contaminants  ignore  the  important  function  of  biological  systems  in  achieving  water 
quality  standards,  and  ultimately  will  fail  to  achieve  water  quality  goals  (Karr  et 
al.,  1985). 
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T able  1 .  Summary  of  habitat  characteristics  of  streams  at  sampling  sites  in  Cook, 
DuPage,  and  Lake  counties,  Illinois.  Values  for  Sites  F  and  G  are  esti¬ 
mates  based  on  field  notes.  Rank  order  of  the  3  most  predominant 
substrates  is  shown.  Sampling  site  locations  are  shown  in  Figure  1. 


SITES 


A 

B 

C 

D 

E 

F 

G 

stream  order 

1 

1 

3-4 

1 

1-2 

1 

2 

mean  channel  width 

3.0 

2.4 

14.5 

3.5 

4.4 

1.0 

2.0 

(m) 

est.  sustained  discharge 

<.01 

<.04 

>2.0 

<.01 

<.30 

<.01 

<.10 

(cu.  m/sec.) 

mean  depth  (m) 

.30 

.14 

.99 

.21 

.42 

.10 

.25 

mean  current  (m/sec.) 

.00 

.02 

.18 

.01 

.13 

.01 

.10 

mean  substrate  size  (mm) 

<.06 

.09 

1.54 

.05 

1.67 

<.10 

1.50 

predominant  substrates 

clay  pan 

3 

1 

2 

2 

2 

2 

— 

silt 

1 

2 

3 

1 

— 

1 

2 

sand 

— 

— 

— 

— 

1 

— 

1 

gravel 

— 

3 

1 

3 

3 

— 

3 

detritus 

2 

— 

— 

— 

— 

3 

— 

Table  2.  Summary  of  fish  collections  from  streams  in  Cook,  DuPage,  and  Lake 
Counties,  Illinois.  Sampling  site  locations  are  shown  in  Figure  1. 


SITE 


taxa: 


A 

B 

C 

D 

E 

F 

G 

total 

Cyprinidae 

Cyprinus  carpio 

— 

— 

33 

1 

4 

— 

3 

41 

Carassius  auratus 

— 

1 

— 

— 

1 

— 

— 

2 

Notemigonus  crysoleucas 

— 

— 

— 

3 

— 

2 

— 

5 

Semotilus  atromaculatus 

— 

— 

— 

— 

49 

16 

— 

65 

Notropis  dorsalis 

— 

— 

— 

— 

— 

78 

— 

78 

N.  spilopterus 

— 

— 

2 

— 

— 

— 

80 

82 

N.  stramineus 

— 

— 

— 

— 

35 

— 

8 

43 

Pimephales  prornelas 

5 

— 

7 

9 

23 

14 

— 

58 

P.  notatus 

— 

— 

48 

— 

21 

5 

2 

76 

Catostomidae 

Catostomus  commersoni 

— 

— 

— 

— 

3 

— 

— 

3 

Ictaluridae 

Ictalurus  melas 

— 

— 

— 

— 

1 

11 

1 

13 

264 


Table  2.  (continued). 


Cyprinodontidae 

Fundulus  notatus 

— 

— 

— 

— 

— 

— 

2 

2 

Poeciliidae 

Gambusia  aj finis 

6 

— 

— 

— 

2 

— 

— 

8 

Centrarchidae 

Micropterus  salmoides 

— 

— 

— 

19 

1 

2 

— 

22 

Lepomis  cyanellus 

4 

— 

4 

37 

13 

5 

— 

63 

L.  macrochirus 

— 

— 

— 

— 

1 

3 

7 

11 

Pomoxis  nigromaculatus 

— 

— 

1 

— 

— 

— 

— 

1 

Total  number  of  fish 

15 

1 

95 

69 

154 

136 

103 

573 

Total  number  of  species 

3 

1 

6 

5 

12 

9 

7 

17 

Number  of  collections 

5 

5 

5 

5 

5 

1 

1 

27 

Mean  No.  fish/collection 

3 

0 

19 

14 

31 

136 

103 

21 

Karr’s  biotic  index* 

22 

15 

25 

30 

34 

41 

33 

29(x) 

VP 

VP 

P-VP 

P 

P 

F 

P 

P 

*  Karr’s  (1981)  index  of  biotic  integrity  for  stream  fish  communities: 
index 


<23 

class 

24-27 

28-35 

36-38 

39-44 

45-47 

48-52 

53-56 

57-60 

very  poor 

(VP) 

P-VP 

poor 

(P) 

F-P 

fair 

(F) 

G-F 

good 

(G) 

E-G 

excellent 

(E) 

265 


Table  3.  Macroinvertebrate  fauna  of  small  stream  sampling  sites  in  Cook  and 
DuPage  Counties,  Illinois.  Sampling  site  locations  are  shown  in  Figure  1. 


SITES 

taxa: 

INSECTA 

A 

B 

C  D 

E 

TOTAL 

Odonata 

Coenagrionidae 

Enallagma 

—  1 

1 

Ischnura 

5 

17 

—  — 

— 

22 

Lestidae 

Lestes 

—  2 

2 

4 

Aeshnidae 

Anax 

20 

20 

Libellulidae 

Leucorrhinia 

3 

—  1 

4 

Libellula 

10 

— 

—  1 

— 

11 

Corduliidea 

Somatochlora 

22 

2 

24 

Hemiptera 

Belostomatidae 

Belostoma 

3 

3 

Corixidae 

Sigara 

61 

1 

4  70 

1 

137 

Notonectidae 

Notonecta 

29 

1 

1  24 

_ 

55 

Naucoridae 

Pelocoris 

1 

_ 

1 

Coleoptera 

Haliplidae 

Haliplus 

3 

—  1 

4 

Hydrophilidae 

Hydrochara 

1 

_ 

-  - 

— 

1 

Diptera 

Chironomidae 

Chironomus 

12 

72 

—  15 

3 

102 

Cryptochironomus 

— 

2 

—  37 

— 

39 

Dicrotendipes 

31 

— 

2  — 

41 

74 

Endo  chironomus 

4 

— 

3  — 

— 

7 

Procladius 

3 

48 

—  9 

— 

60 

Culicidae 

Culex 

3 

_  _ 

_ 

3 

Simuliidae 

Simulium 

200  + 

200  + 

266 


Table  3.  (continued). 


SITES 

taxa: 

CRUSTACEA 

A 

B 

C 

D 

E 

TOTAL 

Isopoda 

Asellidae 

Asellus 

— 

— 

— 

86 

— 

86 

Decopoda 

Astacidae 

Procambarus  acutus 

81 

5 

— 

35 

— 

121 

unident.  spp. 

— 

— 

9 

— 

— 

9 

MOLLUSCA 

Gastropoda 

Lymnaeidae 

Lymnea 

Physidae 

3 

— 

— 

20 

— 

23 

Physa 

Planorbidae 

37 

3 

— 

56 

11 

107 

Gyraulus 

57 

2 

— 

6 

7 

72 

Bivalvia 

Sphaeridae 

Musculium 

4 

— 

— 

7 

1 

12 

ANNELIDA 

Oligochaeta 

Tubificidae 

Tub  if  ex 

— 

300  + 

— 

— 

— 

300  + 

Hirudinea 

Erpobdellidae 

Erpobdella 

Hirudidae 

2 

— 

— 

3 

— 

5 

Haemopsis 

— 

— 

— 

1 

— 

1 

TOTALS 

392 

456  + 

19 

375 

266  + 

1508  + 

Insect  totals 

208 

146 

10 

161 

247  + 

772  + 

Hilsenhoff’s 

3.55 

3.07 

3.20 

3.60 

3.81 

3.45(x) 

biotic  index* 

poor 

poor 

poor 

poor 

very 

poor 

poor 

*Hilsenhoff’s  biotic  index  (1977)  for  aquatic  insect  communities.  Amphipods  and 
isopods  are  included  in  the  calculation  of  this  index. 


biotic  index 

<1.75 

1.75-2.25 

2.25-3.00 

3.00-3.75 

>3.75 


water  quality 

excellent 

good 

fair 

poor 

very  poor 


stream  condition 

clean  or  undisturbed 
some  enrichment  or  disturbance 
moderate  enrichment  or  disturbance 
significant  enrichment  or  disturbance 
gross  enrichment  or  disturbance 
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Fig.  1.  Map  showing  locations  of  aquatic  sampling  sites  in  the  DesPlaines  River,  Salt  Creek,  and 
DuPage  River  drainage  systems  of  Cook,  DuPage,  and  Lake  Counties,  Illinois.  Dashed 
lines  show  state  and  county  boundaries.  Descriptions  of  sampling  sites  are  provided  in  the 
text  under  STUDY  AREAS.  Base  maps:  USGS  State  of  Illinois  base  map,  1:500,000  scale, 
1948  revision,  and  Illinois  Dept.  Transportation  general  highway  maps,  Cook  and  Du  Page 
Counties,  1982  revision. 
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ABSTRACT 

Arthropod  pitfall  trap  samples  from  the  soil  level  biotope  of  three  Cook  County, 
Illinois  prairie  remnants  were  obtained  in  July  of  1983.  The  remnants  were  the  James 
Woodworth  Prairie  (JWP),  Miami  Woods  Prairie  (MWP)  and  Stein  Tract  Prairie 
(STP).  Arthropods  trapped  at  all  remnants  totaled  9,124  individuals,  representing 
17  orders,  121  families  and  392  species.  The  number  of  species  trapped  was  highest 
at  JWP  (206)  followed  by  STP  (198)  and  MWP  (166).  Species  of  Hymenoptera  and 
Acarina  were  most  numerous  in  all  remnants.  Individuals  of  Acarina,  Collembola 
and  Hymenoptera  were  dominant  in  all  remnants  and  represented  82  percent  of 
all  arthropods  collected.  STP  had  the  highest  number  of  individuals  collected  (4,580) 
and  represented  50  percent  of  all  arthropods  taken.  For  each  remnant,  Formicidae 
had  the  highest  number  of  species  and  individuals  per  family.  Other  species  domi¬ 
nant  families  were  Entomobryidae,  Linyphiidae,  Sminthuridae,  Staphylinidae  and 
Scelionidae.  Adult  arthropod  individual  richness,  species  richness,  diversity 
(Brillouin),  evenness  (Pielou)  and  similarity  (modified  Sorensen  and  Curtis)  were 
determined  and  compared  for  each  remnant.  Individual  richness  and  species  rich¬ 
ness  were  significantly  different,  however,  all  remnants  were  not  significantly  differ¬ 
ent  in  species  diversity  and  evenness.  Family  level  similarity  for  all  remnants  was 
high,  while  species  and  individual  level  similarities  were  low.  All  remnants  had  a 
similar  number  of  species  at  each  trophic  level.  At  all  remnants,  herbivores  and 
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carnivores  were  the  most  numerous  in  species  while  omnivores  and  detritivores  were 
the  most  numerous  in  individuals. 

INTRODUCTION 

The  prairie  remnants  of  Illinois  can  be  classified  as  the  Andropogon-Panicum- 
Sorghastrum  type  which  is  indicative  of  the  True  Prairie  (Kuchler  1964).  The  True 
Prairie  is  the  most  typical  and  maximally  developed  subset  of  the  eastern  tallgrass 
prairie  (Clements  and  Shelford  1939).  Studies  of  the  arthropod  community  in  the 
True  Prairie  region  have  been  done  in  other  states.  Hayes  (1927)  concentrated  on 
the  ecology  of  certain  prairie  insects  in  the  vicinity  of  Riley  Co.,  Kansas.  Evans  and 
Murdoch  (1969)  studied  the  insect  community  in  an  oil  field  (degraded  prairie-forest 
ecotone  undergoing  secondary  succession)  in  Michigan.  They  characterized  the  major 
taxonomic  groups  of  insects  by  percent  composition  and  trophic  structure.  A  com¬ 
prehensive  study  of  the  True  Prairie  (Risser,  et  al.  1981)  included  data  on  the  inver¬ 
tebrate  community  at  twelve  sites  in  eleven  states.  However,  most  of  the  data  was 
from  the  large  Osage  Prairie  in  northeastern  Oklahoma.  They  ranked  the  major 
taxa  by  total  number  and  biomass. 

Although  the  botanical  nature  and  distribution  of  the  True  Prairie  grasslands 
in  Illinois  have  been  well  documented  (Gleason  1908,  1910;  Vestal  1913,  1914,  1931; 
Sampson  1916,  1921;  Clements  and  Shelford,  1939;  Evers  1955;  Anderson  1970; 
Schwegman  1973,  1983),  the  arthropod  community  has  been  neglected.  Only 
Shelford  (1913),  Adams  (1915)  and  Shackleford  (1929)  published  papers  including 
information  on  the  arthropod  communities  of  Illinois  prairies.  Shelford  studied  the 
animal  communities  of  high  and  low  prairies  near  Chicago  and  provided  lists 
including  common  arthropod  species.  Adams  and  Shackleford  list  dominant 
arthropod  species  at  specific  prairie  strip  sties  along  railroad  right-of-ways  in  east 
central  Illinois.  Shelford  and  Adams  give  no  quantitative  data  and  Shackleford 
provides  only  minimal  quantitative  data  on  some  of  the  dominant  species  (i.e. 
number  of  individuals  per  square  meter  per  season). 

A  few  papers  have  been  published  on  specific  arthropod  groups  or  species 
inhabiting  only  one  of  the  prairie  remnants  included  in  this  study  (Park,  et  al.,  1949; 
Auerbach,  1951;  Park,  et  al.,  1953;  Hamilton,  1981;  Hamilton  and  Kuritsky,  1981). 

This  study  is  the  first  to  quantitatively  characterize  the  arthropod  community 
of  the  soil  level  biotope  in  three  Cook  County,  Illinois  prairie  remnants  and  to  com¬ 
pare  these  remnants  with  respect  to  arthropod  composition,  dominance,  species 
diversity,  and  trophic  structure.  It  provides  a  means,  other  than  the  usual  botani¬ 
cal  and  soil  characteristics,  for  assessing  prairie  remnant  quality  and  stability.  This 
study  is  based  entirely  on  samples  from  the  soil  level  biotope  and  does  not  represent 
the  total  prairie  arthropod  community  at  these  sites. 

MATERIALS  AND  METHODS 

The  three  prairie  remnants  were  selected  on  the  basis  of  accessability,  location 
and  quality.  The  size  of  each  remnant  was  obtained  from  the  1982  Illinois  Natural 
Area  Inventory  Survey  (INAIS)  and/or  individual  management  records.  The  qual¬ 
ity  of  the  prairie  remnants  was  assessed  by  INAIS  quality  grades,  the  total  number 
of  prairie  plant  species,  the  population  densities  of  dominant  prairie  grasses,  the 
presence  of  prairie  indicator  forbs  and  Native  Area  Rating  Index  (NARI)  values 
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(Swink  and  Wilhelm  1979).  INAIS  quality  grades  are  based  on  the  presence  and 
extent  of  disturbed  areas,  i.e.  areas  denoted  by  the  presence  of  weed  and  non-native 
shrubs,  and  from  historical  records  or  other  documentation.  Grade  A  quality  is 
indicative  of  pristine,  undisturbed  area  of  native  condition.  Grade  B  is  assigned  to 
a  native  condition  which  exhibits  some  signs  of  disturbance.  Grade  C  denotes  areas 
of  extreme  disturbance  indicative  of  relatively  recent  grazing  and/or  cultivating  prac¬ 
tices.  Botanical  data  were  derived  from  floral  lists  provided  by  the  management 
personnel  of  each  prairie  remnant.  Native  prairie  plant  species  were  identified  from 
these  lists.  The  dominant  prairie  grasses  and  indicator  forbs  given  for  these  three 
remnants  were  taken  from  Schwegman  (1983).  Schwegman  indicates  that  eleven 
dominant  prairie  grasses  and  sixteen  indicator  forbs  can  variably  inhabit  Illinois 
prairie  remnants.  Dominant  prairie  grasses  are  those  plants  which  occupy  the  most 
space  in  a  prairie  because  of  their  distribution  and  numbers.  Prairie  indicator  forbs 
are  those  plants  that  are  restricted  to  the  prairie  community  and  will  decline  or 
disappear  with  disturbances  such  as  grazing  or  farming.  The  Native  Area  Rating 
Index  (NARI),  developed  by  Swink  and  Wilhelm  (1979),  was  used  to  quantify  the 
native  condition  of  each  remnant.  The  NARI  value  in  this  paper  is  based  only  on 
native  prairie  plants.  NARI  values  greater  than  40  indicate  an  area  that  possesses 
sufficient  native  character  to  be  of  considerable  importance  in  preservation,  while 
values  greater  than  50  denote  rare  areas  of  high  to  extremely  high  quality  that  are 
of  paramount  importance  in  preservation  (Swink  and  Wilhelm  1979). 

Arthropods  from  the  soil  level  biotope  were  sampled  by  pitfall  traps  in  Mid- 
July  of  1983.  A  10  m2  quadrat  grid  system  within  an  approximate  area  of  2.00  ha 
was  delimited  at  each  study  site.  A  three  part  plastic  pitfall  trap  (Morrill  1975)  was 
placed  within  fifteen  randomly  selected  quadrats.  A  killing-preserving  solution  of 
50  percent  ethanol  was  placed  in  the  inner  cup  of  each  trap.  Samples  were  taken 
at  each  remnant  after  a  48  hour  period  between  July  12-17,  1983.  All  adult  arthro¬ 
pods  were  sorted,  identified  to  family  and  counted  to  the  species  level.  Immatures 
were  not  included  unless  they  could  be  associated  with  their  respective  adults.  Some 
groups  were  identified  in  lab  but  most  were  sent  to  specialists  for  lower  level  iden¬ 
tification.  Approximately  80  percent  of  all  species  trapped  have  been  identified  to 
the  genus  or  species  level.  All  arthropods  have  been  retained  in  a  voucher  collection 
at  Loyola  University  of  Chicago,  Lake  Shore  Campus.  A  complete  list  by  family 
and  remnant  site  of  all  pitfall  trapped  arthropod  species  and  individuals  is  included 
with  this  paper  (Appendix  I). 

The  soil  level  arthropod  community  was  analyzed  by  several  diversity  para¬ 
meters:  species  richness  (k),  the  number  of  species  per  sample;  individual  richness 
(n),  the  number  of  arthropods  per  sample;  Brillouin’s  diversity  index  (H),  and  Pielou’s 
evenness  (J),  (Zar  1984).  Brillouin’s  diversity  index  was  selected  since  it  best  accounts 
for  the  non-random  properties  associated  with  pitfall  trapping  (Pielou,  1966).  A 
Kruskal- Wallis  test  was  used  to  test  significance  of  the  diversity  data  (i.e.  comparison 
of  15  k  values,  n  values,  H  values  and  J  values  for  each  remnant).  A  Tukey  test 
was  used  to  determine  between  sample  significance.  A  modified  Sorensen’s  coefficient 
was  used  to  calculate  family  and  species  similarity  (Qf  and  Qs)  and  a  modified  Curtis 
community  coefficient  was  used  for  individual  similarity  (Qi)  (Southwood,  1978). 
Two-way  comparisons  were  determined  by  Q  =  [2jN/aN  +  bNl  *  100  and  three- 
way  comparisons  by  Q  =  [3jN/aN  +  bN  +  cN]  *  100.  Coefficient  values  greater 
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than  50  percent  denote  similarity,  while  values  less  than  50  percent  indicate  dis¬ 
similarity  (Price  1975). 

Adult  trophic  relationships  were  determined  by  relevant  literature  (Krantz  1978, 
Borror  et  al.  1981,  Risser  et  al.  1981,  Kethley  1982). 

DESCRIPTION  OF  STUDY  AREAS 

James  Woodworth  Prairie  (JWP):  JWP  is  owned  and  managed  by  the  Univer¬ 
sity  of  Illinois  at  Chicago.  This  2.14  ha  remnant  is  located  in  Maine  township  of 
Cook  county  on  the  east  side  of  Milwaukee  Avenue,  one  half  mile  north  of  the  Golf 
Road  and  Milwaukee  Avenue  intersection.  Houses  border  its  north  side  and  com¬ 
mercial  businesses  border  its  south  side.  Greenwood  Avenue  and  Milwaukee  Avenue 
abut  the  property  on  its  east  and  west  sides  respectively.  JWP  is  completely  fenced 
and  permanently  divided  into  ten  meter  square  quadrats.  This  prairie  is  regularly 
cleared  of  invading  weeds,  trees  and  shrubs  and  has  been  burned  annually  since 
1972.  JWP  has  the  highest  prairie  quality  and  botanical  characteristics  of  the 
remnants  included  in  this  study  (Table  1).  All  three  grades  of  quality  are  present 
in  this  remnant,  of  which  70  percent  is  of  A  quality.  The  pristine  nature  of  JWP 
is  also  indicated  by  its  very  diverse  flora,  which  has  been  well  documented  (Paintin 
1929,  Betz  and  Cole  1969,  Apfelbaum  and  Rouffa  1981).  Betz  and  Cole  (1969)  com¬ 
mented  that  the  great  plant  variety,  lack  of  uniformity  in  the  vegetative  cover  and 
the  lack  of  dominance  of  any  one  species  indicated  conditions  of  high  quality  and 
prolonged  virginity.  In  1983,  97  plant  species  native  to  the  tallgrass  prairie  biome 
were  believed  to  be  in  this  remnant.  The  preserve  contains  nine  of  the  eleven 
dominant  Illinois  prairie  grasses:  big  bluestem  grass,  little  bluestem  grass,  blue  joint 
grass,  Canada  wild  rye,  June  grass,  switch  grass,  prairie  cord  grass,  prairie  drop- 
seed  and  Indian  grass.  The  preserve  also  contains  the  following  fourteen  Illinois 
prairie  indicator  forbs:  leadplant,  heath  aster,  cream  wild  indigo,  stiff  tickseed, 
rattlesnake  master,  prairie  gentian,  prairie  alumroot,  prairie  lily,  hoary  puccoon, 
white  prairie  clover,  purple  prairie  clover,  prairie  cinquefoil,  prairie  violet  and 
golden  alexanders. 

Miami  Woods  Prairie  (MWP):  MWP  is  part  of  the  Miami  Woods  Forest  Pre¬ 
serve  and  is  owned  by  the  Cook  County  Forest  Preserve  District  (CCFPD).  This 
6.07  ha  remnant  is  located  within  Niles  township  of  Cook  county  and  is  east  of 
Caldwell  Avenue  and  north  of  Oakton  Street.  The  prairie  remnant  is  bordered  by 
forested  areas  on  the  north  and  south,  residences  on  the  west,  and  the  North  Branch 
of  the  Chicago  River  on  the  east.  Its  management  and  restoration  is  handled  by 
the  North  Branch  Prairie  Project  (NBPP)  which  is  supported  by  the  Chicago  Audubon 
Society,  Illinois  Chapter  of  the  Nature  Conservancy  and  the  Chicago  Group  of  the 
Sierra  Club.  An  annual  random  patch-burning  program  began  in  the  spring  of  1983. 
MWP  has  the  lowest  prairie  quality  and  the  lowest  botanical  characteristics  of  the 
remnants  in  this  study  (Table  1).  Ninety  percent  of  this  prairie  is  classified  as  grade 
C  and  it  is  considered  to  be  a  rather  disturbed  remnant.  In  1983,  83  prairie  plant 
species  inhabiting  this  remnant  were  documented.  However,  eighteen  of  these  prairie 
plants  were  recently  introduced  and  have  not  been  included  in  the  remnant’s  botan¬ 
ical  assessment.  Four  dominant  prairie  grasses  are  present  in  this  remnant:  big 
bluestem  grass,  switch  grass,  prairie  cord  grass  and  Indian  grass.  Four  prairie  indi¬ 
cator  forbs  are  also  present:  heath  aster,  cream  wild  indigo,  prairie  alum  root  and 
golden  alexanders. 
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Stein  Tract  Prairie  (STP):  STP  is  owned  primarily  by  the  city  of  Markham.  This 
25.90  ha  remnant  is  located  north  of  155th  Street  between  Afton  Drive  and  the  Tri- 
State  Tollway  in  Bremen  township  of  Cook  county.  It  is  bordered  by  residences 
on  the  west  and  north,  1-294  on  the  east,  and  the  50.99  ha  fenced  Gensburg- 
Markham  Prairie  Preserve  on  the  south.  Although  it  is  not  currently  under  regular 
management,  the  Nature  Conservancy  of  Illinois  is  trying  to  purchase  this  remnant 
for  incorporation  into  the  Gensburg-Markham  Prairie  Preserve.  STP  is  somewhat 
intermediate  to  JWP  and  MWP  in  botanical  characteristics  (Table  1).  Sixty  percent 
of  this  prairie  is  of  grade  C  quality  while  40  percent  is  of  grade  B.  The  floral  list 
of  STP  was  updated  in  1982  and  88  prairie  plants  were  recorded.  Although  a  visual 
survey  of  this  remnant  would  suggest  that  it  is  not  as  botanically  diverse  as  the 
Gensburg-Markham  Prairie  Preserve,  nine  of  the  eleven  dominant  Illinois  prairie 
grasses  inhabit  this  area:  big  bluestem  grass,  little  bluestem  grass,  blue  joint  grass, 
Canada  wild  rye,  prairie  sedge,  switch  grass,  Indian  grass,  prairie  cord  grass  and 
prairie  dropseed.  Seven  Illinois  prairie  forb  indicators  can  also  be  found  in  this 
remnant:  heath  aster,  cream  wild  indigo,  rattlesnake  master,  prairie  alum  root, 
purple  prairie  clover,  prairie  cinquefoil  and  golden  alexanders. 

RESULTS  AND  DISCUSSION 

Arthropods  collected  from  all  remnants  totaled  9,124  individuals,  representing 
17  orders,  121  families  and  392  species.  The  numbers  of  orders,  families,  species 
and  individual  arthropods  collected  at  each  remnant  are  indicated  in  Table  2.  Family 
and  species  numbers  were  highest  at  JWP,  second  highest  at  STP,  and  lowest  at 
MWP.  The  STP  family  and  species  numbers  were  only  slightly  lower  than  those 
at  JWP.  Also,  STP  contained  the  highest  number  of  individuals  trapped  and 
represented  50  percent  of  all  arthropods  collected  in  this  study. 

The  number  of  species  in  each  order  was  for  the  most  part  very  similar  for  all 
three  remnants  (Table  3).  The  orders  Hymenoptera,  Acarina,  Coleoptera,  Araneae 
and  Collembola  had  the  highest  number  of  species,  each  with  nineteen  or  more  spe¬ 
cies.  Hymenopteran  species  were  most  numerous  in  the  samples  from  all  three  rem¬ 
nants  with  46  species  at  JWP  (22  percent),  35  species  at  MWP  (21  percent),  and 
39  species  at  STP  (20  percent).  Evans  and  Murdoch  (1969)  found  similar  Hymenopteran 
species  numbers  in  their  twelve  year  study  of  the  pterygote  insect  community  in 
an  old  field  in  Michigan.  They  collected  578  species  of  Hymenoptera,  which 
represented  37  percent  of  all  insects  taken.  Acarina  ranked  second  in  number  of 
species  per  order  at  all  three  sites  but,  due  to  the  large  number  of  families  recog¬ 
nized  in  that  group,  no  specific  acarine  family  can  be  recognized  as  dominant.  Risser 
et  al.  (1981)  found  that  Coleptera  contained  the  highest  number  of  species  at  the 
Osage  prairie  in  Oklahoma.  In  this  study,  Coleoptera  ranked  third  in  species  domi¬ 
nance  at  JWP  and  STP  and  fifth  at  MWP.  Evans  and  Murdoch  (1969)  also  found 
lower  numbers  of  Coleoptera  species  and  attributed  this  to  their  rather  cryptic  and 
sedentary  nature  and  the  relatively  few  concealment  habitats  in  prairies.  For  each 
remnant,  the  hymenopteran  family  Formicidae  had  the  highest  number  of  species 
collected  (Table  4).  No  other  study  of  the  prairie  arthropod  community  has  reported 
such  a  diverse  number  of  ant  species  (JWP,  16  species;  MWP,  14  species;  STP,  13 
species).  Adams  (1915),  Shackleford  (1929)  and  Risser  et  al.  (1981)  listed  only  three, 
nine  and  seven  ant  species  respectively.  Eight  species  of  ants  were  found  in  the  True 
Prairies  of  the  Chicago  region  (Gregg  1944).  Four  of  these  ant  species  were  col- 
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lected  in  this  study:  Formica  montana  Emery,  Leptothorax  ambiguus  Emery,  For¬ 
mica  Integra  Nylander,  and  Polyergus  breviceps  Emery.  Only  F.  Integra  and  P. 
breviceps  are  found  exclusively  in  the  True  Prairie  according  to  Gregg.  F.  integra , 
F.  montana  and  P.  breviceps  were  trapped  only  at  the  relatively  undisturbed  JWP. 
In  addition,  only  one  of  the  eight  True  Prairie  ant  species  listed  by  Gregg,  L. 
ambiguus ,  was  trapped  at  the  more  disturbed  MWP  and  STP.  Although  JWP  is 
considered  a  relatively  undisturbed  prairie  remnant,  it  apparently  has  only  four 
(includes  L.  ambiguus  not  taken  in  pitfall  traps  during  this  study)  of  the  eight  spe¬ 
cies  of  ants  that  inhabited  True  Prairies  of  the  Chicago  region  in  1944.  The  18  non 
True  Prairie  ant  species  now  found  in  these  remnants  are  most  likely  invaders  from 
other  habitats  (e.g.  pasture,  meadow,  and  forest  edge)  that  have  become  more  or 
less  established  over  time. 

Muma  and  Muma  (1949)  found  11  species  of  Lycosidae  in  a  Nebraska  prairie 
and  listed  this  family  as  one  of  four  families  of  Araneae  containing  the  highest  number 
of  species.  The  dominant  spider  family  in  this  study  was  the  Linyphiidae  followed 
by  the  Lycosidae.  Muma  and  Muma  also  showed  that  species  of  cursorial  spiders 
dominated  their  Nebraska  prairie  site.  The  cursorial  spiders,  in  general,  were  the 
dominant  group  of  Araneae  at  each  remnant  in  this  study.  This  undoubtedly  reflects 
the  trapping  method  used.  Species  of  cursorial  spiders  from  JWP,  MWP  and  STP 
represented  52  percent,  68  percent  and  56  percent  of  the  total  spiders  respectively 
and  represented  five  of  the  eleven  families  of  Araneae  collected.  Other  dominant 
families  common  to  all  three  remnants  were  Cicadellidae,  Entomobryidae,  Scelion- 
idae,  Sminthuridae  and  Staphylinidae. 

The  number  of  individuals  found  in  each  order  was  also  consistent  for  all  three 
remnants  (Table  5).  Individuals  in  the  orders  Acarina,  Collembola  and  Hymenoptera 
were  the  most  abundant  arthropods  taken  in  each  remnant  and  represented  75  per¬ 
cent  of  the  total  at  JWP,  86  percent  of  the  total  at  MWP  and  83  percent  of  the  total 
at  STP.  Individuals  belonging  to  the  families  Formicidae,  Entomobryidae,  Smin¬ 
thuridae,  Eupodidae  and  Oniscidae,  were  dominant  in  each  remnant  (Table  6). 

Shackleford  (1929)  indicated  that  ants  were  predominant  in  central  Illinois 
prairies.  Risser  et  al.  (1981)  indicated  that  hymenopteran  dominance  in  their  data 
was  due  to  the  large  number  of  individual  ants  collected.  Formicidae  contained 
the  largest  number  of  individuals  of  any  arthropod  family  taken  at  JWP  and  STP, 
and  was  second  only  to  eupodid  mites  at  MWP.  At  least  three  of  the  top  five  fami¬ 
lies  that  dominated  each  remnant  in  numbers  of  individuals  belonged  to  the  microar¬ 
thropod  orders  Acarina  and  Collembola.  Data  from  this  study  indicate  that 
individuals  of  Acarina  and  Collembola  represented  50  percent  of  the  total  at  JWP, 
69  percent  of  the  total  at  MWP  and  52  percent  of  the  total  at  STP.  The  52  percent 
at  STP  is  misleading  due  to  the  large  number  of  ants  trapped.  In  absolute  numbers 
STP  had  twice  as  many  microarthropods  as  JWP  and  1.6  times  as  many  as  MWP. 
Risser  et  al.  (1981)  determined  that  these  two  orders  of  microarthropods  (Acarina 
and  Collembola)  were  extremely  numerous  and  represented  55  percent  of  all  arthro¬ 
pods  taken  above  ground.  Seastedt  (1984)  also  estimated  a  large  number  of  microar¬ 
thropods  inhabiting  a  prairie  in  Kansas  and  observed  that  burning  affects  their 
numbers.  He  found  a  1.5  times  greater  number  of  individuals  in  an  unburned  prai¬ 
rie  versus  a  burned  prairie.  MWP  and  STP  samples  contained  1.3  and  2.0  times 
more  individual  microarthropods  respectively  than  the  regularly  burned  JWP. 
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Family  level  similarity  for  all  three  remnants  was  high  in  both  the  two-way 
and  three-way  analysis.  In  general,  two-way  and  three-way  species  and  individual 
similarities  were  low  (Table  7).  Only  ants  and  collembolans  have  a  moderate  to 
high  degree  of  species  similarity  in  all  remnants.  The  reason  for  this  dissimilarity 
is  unknown  although  remnant  isolation,  species  mobility  and  local  extinctions  are 
probably  important  determining  factors.  JWP  and  MWP  are  more  similar  to  each 
other  in  arthropod  families  and  species  than  either  is  to  STP.  This  similarity  is  prob¬ 
ably  due  in  large  part  to  the  proximity  of  these  two  remnants.  JWP  and  MWP  are 
only  about  3.2  km  apart  while  STP  is  located  about  35  km  to  the  southeast  of  these 
two  remnants. 

The  diversity  data  for  each  remnant  are  listed  in  Table  8.  Individual  richness 
(n)  and  species  richness  (k)  for  all  three  remnants  were  significantly  different.  The 
data  from  STP  was  found  to  be  the  reason  for  the  difference  in  both  cases.  Both 
mean  numbers  of  individuals  and  species  caught  at  STP  were  much  higher  than 
at  either  JWP  or  MWP.  However,  for  species  diversity  (H)  and  evenness  (J)  there 
were  no  significant  differences  between  remnants  (0.25  >  P  >  0.10  and  0.50  >  P 
>0.25  respectively).  It  is  unknown  why  a  greater  species  and  individual  richness 
was  found  at  STP.  It  could  be  related  to  the  size  of  the  remnant  and  adjacent  areas 
and  the  fact  that  this  remnant  has  never  been  regularly  burned  or  greatly  disturbed. 

Murdoch  et  al.  (1972)  studied  the  relationship  of  homopteran  diversity  to  plant 
diversity  in  three  large  old  fields.  They  showed  that  insect  species  diversity,  even¬ 
ness  and  number  were  positively  correlated  with  corresponding  plant  species  diver¬ 
sity  parameters.  Although  inconclusive  in  this  study,  the  remnant  with  the  highest 
number  of  plant  species  also  had  the  highest  number  of  arthropod  species  trapped 
(JWP)  and  the  remnant  with  the  lowest  number  of  plant  species  had  the  lowest 
number  of  arthropod  species  trapped  (MWP). 

All  remnants  exhibited  similar  percent  composition  of  adult  arthropods  at  each 
trophic  level  (Table  9).  Species  of  herbivores  were  dominant  at  each  site.  Species 
of  carnivores  were  the  second  largest  group  trapped  and  were  followed  by  detriti- 
vores,  omnivores  and  parasites.  Evans  and  Murdoch  (1969)  found  that  85  percent 
of  all  individual  insects  collected  in  their  study  were  herbivores,  12  percent  carni¬ 
vores  and  3  percent  other.  Since  they  concentrated  only  on  the  pterygote  insects 
of  the  foliage  level  biotope,  this  high  percentage  of  herbivore  individuals  would  be 
expected.  Since  this  study  sampled  the  soil  level  biotope,  larger  numbers  of  detriti- 
vore  and  omnivore  individuals  were  expected  and  were  in  fact  trapped.  Individuals 
of  erythraeid  mites,  lycosids  and  staphylinids  were  the  dominant  carnivores  at  each 
site.  Nagel  (1979)  found  lycosids  to  be  the  most  important  carnivores  on  a  mixed 
prairie  in  Nebraska.  Omnivore  individuals  made  up  the  greatest  number  of  arthropods 
collected,  followed  by  detritivores,  herbivores,  carnivores  and  parasites  (Table  9). 
The  large  number  of  omnivores  at  JWP  and  STP  was  due  primarily  to  the  high 
number  of  ants  trapped.  Formicids  from  JWP  and  STP  represented  72  percent  and 
71  percent  of  all  omnivores  respectively.  The  relatively  low  percentage  of  formicids 
at  MWP  (43  percent)  was  due  to  the  large  number  of  eupodid  mites  taken.  These 
mites  comprised  53  percent  of  all  omnivores  taken  at  this  remnant.  A  high  abun¬ 
dance  of  detritivores  in  several  arthropod  families  was  also  found.  It  has  been  sug¬ 
gested  that  the  recycling  of  organic  matter  by  detritivores  and  omnivores  may  be 
the  most  important  activity  of  invertebrates  of  the  True  Prairie  (Risser  et  al.  1981). 
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Dominant  parasitoid  species  belonged  to  the  hymenopterous  families  Scelionidae, 
Ceraphronidae  and  Diapriidae.  Their  specific  effect  on  the  prairie  arthropod  com¬ 
munity  structure  is  unknown  and  needs  to  be  investigated. 

SUMMARY 

The  remnants  included  in  this  study  are  very  similar  in  arthropod  diversity, 
higher  taxa  composition  and  trophic  structure  but  are  clearly  dissimilar  at  the  species 
and  individual  levels.  JWP  and  MWP  are  more  similar  to  each  other  in  arthropod 
families  and  species  than  either  is  to  STP. 

There  was  no  significant  difference  in  median  diversity  indices  or  median  even¬ 
ness  values  for  each  remnant.  A  significant  difference  did  occur  in  species  and  indi¬ 
vidual  richness  values  for  each  remnant.  Data  from  STP  was  the  cause  of  the 
differences  in  both  cases.  Fifty  percent  of  all  arthropod  individuals  were  taken  at 
STP.  STP  has  a  much  larger  number  of  detrivores  and  omnivores  (i.e.  ants,  eupodid 
mites  and  collembolans)  than  either  of  the  other  two  remnants.  This  is  probably 
the  result  of  much  more  detritus  at  that  site.  Lower  numbers  of  these  groups  at 
JWP  and  MWP  could  be  the  result  of  reduced  detritus  levels  brought  about  by  regular 
burning  and  severe  past  disturbance  respectively. 

Acarina,  Collembola  and  Hymenoptera  are  dominant  in  numbers  of  individuals 
in  all  three  remnants.  The  hymenopteran  family  Formicidae  dominated  all  rem¬ 
nants  in  terms  of  species  and  individuals  per  family.  The  presence  or  absence  of 
certain  True  prairie  ants  could  indicate  the  degree  of  disturbance  in  a  particular 
remnant. 

The  number  of  species  trapped  was  highest  at  the  remnant  with  the  highest 
botanical  quality  and  lowest  at  the  remnant  with  the  lowest  botanical  quality.  In 
this  study,  larger  overall  remnant  size  did  not  result  in  a  larger  number  of  total 
species  trapped.  The  greatest  number  of  species  was  trapped  at  the  smallest  remnant. 
Species  of  Hymenoptera,  Acarina,  Coleoptera,  Araneae,  and  Collembola  dominated 
the  remnants.  Hymenoptera  and  Acarina  were  first  and  second  respectively  in 
number  of  species  at  all  three  remnants  with  Araneae  ranking  third  at  MWP  and 
Coleoptera  third  at  JWP  and  STP. 

Trophic  level  data  imply  arthropod  community  stability  at  the  soil  level  biotope. 
Herbivores  represent  only  about  40  percent  of  the  species  at  each  remnant.  Relatively 
large  numbers  of  carnivore  species  (approximately  30  percent  of  the  species  at  each 
remnant)  can  prey  on  the  small  number  of  detritivore  and  omnivore  species  found 
in  large  numbers.  The  large  number  of  individual  detritivores  and  omnivores  are 
supported  by  the  usually  abundant  soil  level  detritus. 

The  three  prairie  remnants  included  in  this  study  have  a  rich  and  varied  soil 
level  arthropod  population.  New  genera  and  species  were  found  in  the  samples  from 
these  remnants  and  undoubtedly  many  more  remain  to  be  found.  These  remnants, 
and  others  like  them,  merit  further  study  as  well  as  the  continued  support  and 
management  of  private  and  public  organizations. 
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Table  1.  Prairie  Quality  and  Botanical  Characteristics. 


JWP 

MWP 

STP 

Quality  Grades 

Grade  A 

70% 

— 

— 

Grade  B 

15% 

10% 

40% 

Grade  C 

15% 

90% 

60% 

Plant  Species  Composition 

Native  prairie  plants 

97 

65 

88 

Dominant  prairie  grasses 

9 

4 

9 

Prairie  indicator  forbs 

14 

4 

7 

Native  Area  Rating  Index  (NARI) 

72 

51 

61 

283 


Table  2.  Arthropod  Numbers  by  Remnant. 


Group 

JWP 

MWP 

STP 

Orders 

16 

14 

15 

Families 

84 

69 

81 

Species 

206 

166 

198 

Individuals 

2,354 

2,190 

4,580 

Table  3.  Arthropod  Species  by  Order. 

JWP 

Total  Rank 

MWP 

Total  Rank 

STP 

Total  Rank 

Acarina 

37 

(2) 

31 

(2) 

36 

(2) 

Araneae 

24 

(4) 

22 

(3) 

25 

(4) 

Coleoptera 

31 

(3) 

19 

(5) 

27 

(3) 

Collembola 

21 

(5) 

21 

(4) 

23 

(5) 

Diplura 

1 

(13) 

1 

(12) 

Diptera 

11 

(7) 

6 

(8) 

17 

(6) 

Hemiptera 

1 

(13) 

1 

(11) 

3 

(9) 

Homoptera 

17 

(6) 

15 

(6) 

15 

(7) 

Hymenoptera 

46 

(1) 

35 

(1) 

39 

(1) 

Isopoda 

3 

(10) 

3 

(9) 

2 

(11) 

Lepidoptera 

4 

(8) 

Lithobiomorpha 

1 

(13) 

1 

(11) 

1 

(12) 

Opiliones 

2 

(11) 

1 

(11) 

3 

(9) 

Orthoptera 

2 

(11) 

3 

(9) 

4 

(8) 

Polydesmida 

1 

(12) 

Spirobolida 

1 

(13) 

1 

(11) 

Thysanoptera 

4 

(8) 

7 

(7) 

1 

(12) 
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Table  4.  Dominant  Arthropod  Families  by  Species* 


JWP 

MWP 

STP 

Formicidae 

(16) 

Formicidae 

(14) 

Fomicidae 

(13) 

Scelionidae 

(12) 

Sminthuridae 

(9) 

Linyphiidae 

(11) 

Staphylinidae 

(12) 

Entomobryidae  (8) 

Scelionidae 

(10) 

Entomobryidae 

(10) 

Staphylinidae 

(6) 

Staphylinidae 

(10) 

Sminthuridae 

(7) 

Linyphiidae 

(6) 

Entomobryidae  (10) 

Aphididae 

(6) 

Scelionidae 

(5) 

Ceraphronidae  (8) 

Cicadellidae 

(6) 

Gnaphosidae 

(5) 

Lycosidae 

(8) 

Linyphiidae 

(6) 

Cicadellidae 

(5) 

Sminthuridae 

(8) 

Lycosidae 

(6) 

Thripidae 

(5) 

Cicadellidae 

(6) 

Carabidae 

(5) 

Erythraeidae 

(5) 

Diapriidae 

(5) 

*Only  families  with  5 

i  or  more 

;  species 

are  included 

Table  5.  Arthropod  Individuals  by  Order. 

JWP 

MWP 

STP 

Total 

Rank 

Total 

Rank 

Total 

Rank 

Acarina 

659 

(i) 

979 

(i) 

976 

(3) 

Araneae 

133 

(5) 

60 

(5) 

73 

(7) 

Coleoptera 

46 

(8) 

36 

(7) 

132 

(6) 

Collembola 

512 

(3) 

542 

(2) 

1,424 

(1) 

Diplura 

1 

(16) 

1 

(14) 

Diptera 

15 

(9) 

7 

(11) 

65 

(8) 

Hemiptera 

1 

(15) 

1 

(13) 

8 

(12) 

Homoptera 

71 

(7) 

61 

(6) 

140 

(5) 

Hymenoptera 

595 

(2) 

372 

(3) 

1,392 

(2) 

Isopoda 

209 

(4) 

85 

(4) 

283 

(4) 

Lepidoptera 

4 

(12) 

— 

Lithobiomorpha 

2 

(14) 

12 

(10) 

12 

(11) 

Opiliones 

13 

(10) 

6 

(12) 

20 

(10) 

Orthoptera 

80 

(6) 

15 

(8) 

38 

(9) 

Polydesmida 

12 

(11) 

Spirobolida 

3 

(13) 

1 

(13) 

— 

Thysanoptera 

10 

(11) 

13 

(9) 

4 

(13) 
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Table  6.  Dominant  Arthropod  Families  by  Individuals* 


JWP 

MWP 

STP 

Formicidae 

(496) 

Eupodidae 

(408) 

Fomicidae 

(1,315) 

Entomobryidae  (279) 

Formicidae 

(335) 

Entomobryidae 

(1,026) 

Oniscidae 

(209) 

Entomobryidae  (270) 

Eupodidae 

(436) 

Mycobatidae 

(190) 

Sminthuridae 

(256) 

Sminthuridae 

(343) 

Sminthuridae 

(130) 

Erythraeidae 

(125) 

Oniscidae 

(283) 

Galumnidae 

(129) 

Galumnidae 

(103) 

Pygmephoridae 

(202) 

Isotomidae 

(99) 

Oniscidae 

(85) 

Cicadellidae 

(101) 

Lycosidae 

(98) 

Scheloribatidae 

(81) 

Staphylinidae 

(70) 

Oribatulidae 

(87) 

Nanorchestidae 

(56) 

Galumnidae 

(56) 

Eupodidae 

(85) 

Oribatulidae 

(49) 

Erythraeidae 

(49) 

Gryllidae 

(80) 

Scheloribatidae 

(47) 

Scelionidae 

(74) 

Tydeidae 

(47) 

*Only  families  with  47  or  more  individuals  are  included 


Table  7.  Arthropod  Similarity  Indices. 


Comparison _ Family  (Qf) _ Species  (Qs) _ Individual  (Qi) 


Two-way 


JWP  vs  MWP 

74.5 

44.6 

40.9 

JWP  vs  STP 

65.5 

39.6 

31.8 

MWP  vs  STP 

65.3 

39.6 

43.3 

Three-way 

JWP  vs  MWP  vs  STP 

59.0 

29.5 

24.2 

Table  8.  Diversity  Indices  and  Comparative  Test  Values. 


JWP 

MWP 

STP 

Mean  individual  richness  (n) 

156.93 

146.00 

305.33 

Mean  species  richness  (k) 

33.93 

33.20 

44.07 

Median  Brillouin’s  diversity  (H) 

1.11 

1.12 

1.15 

Median  Pielou’s  evenness  (J) 

0.77 

0.76 

0.74 

Kruskal- Wallis  Test  Values* 

n  (13.69) 

k  (14.10) 

H  (2.90) 

J  (2.63) 

*Hc,  0.05,  15,  15,  15  =  5.99 


286 


Table  9.  Arthropod  Trophic  Level  Data. 


Herbivore 

Carnivore 

Omnivore 

Detritivore 

Parasite 

JWP 

83  (40  % ) 
693  (29  % ) 

65  (32  % ) 
237  (10%) 

21  (10%) 
664  (28%) 

34  (16%) 
755  (32  % ) 

3  (2%) 

5  (>1%) 

MWP  ,SP' 
Ind. 

69  (42%) 
611  (28%) 

51  (30%) 
280  (13%) 

18  (11%) 
755  (34  % ) 

25  (15%) 
498  (23  % ) 

3  (2%) 
46  (2%) 

stp  i*S: 

81  (41%) 
888  (19%) 

57  (29%) 
320  (7%) 

19  (10%) 
1832  (40%) 

38  (19%) 
1515  (33%) 

3  (1%) 
25  (1%) 
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APPENDIX  I  (PITFALL  TRAPPED  ARTHROPODS) 

The  number  of  trapped  adult  individuals  per  species  is  indicated  for  each  study 
site.  All  individuals  were  trapped  in  Mid-July,  1983.  A  hyphen  indicates  that  a  par¬ 
ticular  species  was  not  trapped  at  that  site. 

JWP  =  James  Woodworth  Prairie,  Glenview,  IL 
MWP  =  Miami  Woods  Prairie,  Morton  Grove,  IL 
STP  =  Stein  Tract  Prairie,  Markham,  IL 


Dt  =  Detritivore  Hb  =  Herbivore  Om  =  Omnivore 
Cn  =  Carnivore  Ps  =  Parasite 


ACARINA 

Anystidae  (Cn) 

Anystis  sp. 

Astegistidae  (Dt) 

Cultroribula  divergens  Jacot 
Bdellidae  (Cn) 

Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Bimichaelidae  (Hb) 
Undetermined  sp. 

Cunaxidae  (Cn) 

Undetermined  sp. 
Undetermined  sp. 

Damaeidae  (Dt) 

Epidamens  puritanicus  Banks 
Erythraeidae  (Cn-Ps) 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 
Undetermined  sp. 

Eupodidae  (Om) 

Eupodes  sp. 


JWP  MWP  STP 


—  —  23 

—  —  16 

1  5  1 

1  2  — 

2  —  — 

—  4  — 

—  2  — 

—  —  2 

28  41  2 

21  —  — 

—  6  — 

—  —  3 


2  20  2 

3  -  — 

1  66  3 

2  —  — 

—  36  26 

—  3  — 

—  —  16 

—  —  2 

85  408  436 
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Galumnidae  (Hb) 

Galumna  virginiensis  Jacot 
Pergalumna  curva  (Ewing) 
Laelapidae  (Ps) 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Mochlozetidae  (Dt) 

Podoribates  pratensis  (Banks) 
Mycobatidae  (Hb) 

Pelopsis  bifurcata  (Ewing) 
Punctoribates  sp. 

Nanorchestidae  (Hb) 

Speleorchestes  sp. 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Oribatulidae  (Dt) 

Zygoribatula  sp. 

Zygoribatula  rostrata  Jacot 
Lucoppia  nr.  burrowsi  (Michael) 
Tectocepheus  sp.  prob.  velatus 
Parasitidae  (Cn-Ps) 

Undetermined  sp. 

Pelopidae  (Dt) 

Peloptulus  americanus  (Ewing) 
Phytoseiidae  (Hb) 

Undetermined  sp. 

Plateremaeidae  (Dt) 

Unknown  gen.  nr.  Pedrocortesella 
Pygmephoridae  (Hb) 

Undetermined  sp. 

Undetermined  sp. 

Rhagidiidae  (Cn) 

Undetermined  sp. 

Rhodacaridae  (Cn) 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Scheloribatidae  (Dt) 

Scheloribates  nr.  lanceoliger  Berl. 
Scheloribates  milleri  Jacot 
Scutacaridae  (Ps) 

Undetermined  sp. 


129  103  45 

—  —  11 

3  31  21 

1  —  — 

—  12  — 

—  —  3 

13  1  — 

182  —  — 

8  —  — 

5  48  13 

—  7  — 

—  1  — 

—  —  1 

82  —  — 

1  36  27 

4  13  — 

—  —  1 

4  1  3 

—  —  3 

—  —  1 

—  —  3 

4  1  185 

—  —  17 

4  26  6 

2-6 
3  —  — 

2  2  — 

—  —  1 

23  48  4 

5  33  43 

1  3  — 


Tarsonemidae  (Om) 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Tegoribatidae  (Hb) 

Lepidozetes,  new  sp. 

Tenupalpidae  (Hb) 

Undetermined  sp. 

Trombidiidae  (Cn-Ps) 

Allotrombiinae  sp. 

Allotrombiinae  sp. 

Microtrombidiinae  sp. 
Microtrombidiinae  sp. 

Tydeidae  (Om) 

Undetermined  sp. 

Undetermined  sp. 

Undetermined  sp. 

Uropodidae  (Dt) 

Undetermined  sp. 

Winterschmidtiidae  (Dt) 

Undetermined  sp. 

ARANEAE 

Agelenidae  (Cn) 

Agelenopsis  pensylvanica  (Koch) 
Cicurina  sp. 

Araneidae  (Cn) 

Pachygnatha  xanthostoma  Koch 
Clubionidae  (Cn) 

Clubiona  abbotti  Koch 
Phruotimpus  borealis  (Emerton) 
Phruolithus  sp. 

Dictynidae  (Cn) 

Dictyna  sp. 

Argenna  obesa  Emerton 
Gnaphosidae  (Cn) 

Drassylus  rufulus  (Banks) 

Micaria  montana  Emerton 
Drassylus  depressus  (Emerton) 
Gnaphosa  parrula  (Emerton) 

T ennesseellum  formicum  (Emerton) 
Zelotes  laccus  (Barrows) 

Micaria  elizabethae  Gertsch 
Hahniidae  (Cn) 

Neoantistea  agilis  (Keyserling) 
Linyphiidae  (Cn) 

Meioneta  unimaculata  (Banks) 
Meioneta  sp.,  not  unimaculata  (Banks) 
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Meioneta  angulata  (Emerton) 
Bathyphantes  pallida  (Banks) 
Bathyphantes  concolor  (Wider) 
Linyphia  clathrata  Sundervall 
Ceraticellus  emertoni  (Cambridge) 
Erigone  aatumnalis  (Emerton) 
Eperigone  trilobata  (Emerton) 
Eperigone  sp. 

Islandiana  flaveola  (Banks) 
Ceratinopsis  laticeps  (Emerton) 
Eridantes  erigonoides  (Emerton) 
Walckenapria  sp. 

Grammonota  pictilis  (Cambridge) 
Lycosidae  (Cn) 

Schizocosa  avida  (Walckenaer) 
Schizocosa  saltatrix  (Hentz) 
Schizocosa  bilineata  Emerton 
Pirata  aspirans  Chamberlin 
Pirata  minutus  Emerton 
Pirata  piraticus  (Clerck) 

Pirata  insularis  Emerton 
Lycosa  frondicola  Emerton 
Lycosa  punctulata  Hentz 
Pardosa  saxatilis  (Hentz) 

Pardosa  moesta  Banks 
Pardosa  distincta  (Blackwell) 
Salticidae  (Cn) 

Icius  sp. 

Sitticus  cursor  Barrows 
Tetragnathidae  (Cn) 

Pachygnatha  tristriata  Koch 
Thomisidae  (Cn) 

Oxyptila  georgiana  Keyserling 
Xysticus  sp. 

Xysticus  triguttatus  Keyserling 
Xysticus  sp. 

Synema  biocolor  Keyserling 
Thanatus  rubicellus  Melb-Leitao 

COLEOPTEBA 
Carabidae  (Cn) 

Amara  sp. 

Bembidion  affine  Say 
Bembidion  sp. 

Poecilus  lucublandus  Say 
Tachys  incurvus  Say 
Tachys  sp. 

Eumolops  sp. 
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Notiophilus  sp.  —  1  _ 

Poecilus  sp.  —  —  1 

Cryptophagidae  (Dt) 

Anchicera  sp.  —  —  1 

Anchicera  sp.  —  —  1 

Chrysomelidae  (Hb) 

Chaetocnema  pulichaira  Melsheimer  4  —  — 

Longitarsus  subrufus  LeConte  3  —  — 

Lonitarsus  testaceous  (Melsheimer)  —  14  5 

Paria  sp.  1  —  — 

Trirhabda  virgata  LeConte  1  —  — 

Trirhabda  sp.  —  1  — 

Longitarsus  sp.  —  2  — 

Cicindelidae  (Cn) 

Cicindela  sexguttata  Fabricius  —  1  — 

Corylophidae  (Dt) 

Arthrolips  sp.  —  1  — 

Curculionidae  (Hb) 

Otiorhynchus  ovatus  (L.)  —  —  3 

Sitona  sp.  —  1  — 

Sphenophorus  sp.  —  —  1 

Sphenophorus  sp.  —  1  — 

Tyloderma  nigra  Casey  2  —  1 

Elateridae  (Hb) 

Conoderus  sp.  —  —  2 

Conoderus  sp.  —  —  1 

Drasterius  amabilis  (LeConte)  1  1  — 

Lathridiidae  (Dt) 

Corticarina  longipennis  (LeConte)  3  19 

Melanophthalma  americana  (Mann)  —  —  2 

Leiodidae  (Dt) 

Anistoma  sp.  1  —  — 

Anistoma  sp.  —  —  1 

Colenis  impunctata  LeConte  —  —  1 

Mordellidae  (Hb) 

Mordellistena  sp.  1  —  — 

Nitidulidae  (Hb) 

Epuraea  sp.  1  —  — 

Gliscrochilus  quadrisignatus  (Say)  3  1  — 

Stelidota  geminata  (Say)  111 

Phalacridae  (Hb) 

Stilbus  nitidus  (Melsheimer)  1  —  1 

Scydmaenidae  (Dt) 

Sternichnus  sp.  1  —  — 

Staphylinidae  (Cn) 

Aleocharinae  sp.  2  2  — 

Aleocharinae  sp.  —  —  57 

Aleocharinae  sp.  —  —  1 
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Aleocharinae  sp. 

1 

1 

— 

Aleocharinae  sp. 

3 

— 

— 

Aleocharinae  sp. 

1 

— 

— 

Anotylus  sp. 

— 

— 

1 

Apocellus  sp. 

1 

— 

— 

Bryoporus  sp. 

— 

— 

2 

Mycetoporus  sp. 

— 

1 

— 

Mycetoporus  sp. 

— 

— 

3 

Oxytelus  sp. 

1 

— 

— 

Paederus  littorarius  Gravenhorst 

1 

— 

1 

Quedius  sp. 

1 

— 

— 

Quedius  sp. 

1 

— 

— 

Scopaeus  sp. 

— 

— 

1 

Stenus  colonus  Erickson 

3 

— 

— 

Tachyporus  elegans  Horn 

— 

— 

1 

Tachyporus  nitidulus  (Fabr.) 

— 

2 

— 

Tachyporus  sp. 

1 

1 

1 

Tachyporus  sp. 

— 

1 

— 

Xantholini  nr.  Philonthus 

1 

— 

— 

Xantholini  sp. 

— 

— 

2 

COLLEMBOLA 

Entomobryidae  (Dt) 

Entomobrya  purpurescens  (Packard) 

1 

19 

45 

Lepidocyrtus  cinereus  Folsom 

17 

23 

6 

Lepidocyrtus  cyaneus  Tullberg 

28 

18 

201 

Lepidocyrtus  paradoxus  Uzel 

114 

72 

547 

Lepidocyrtus  pellidus  Reuter 

24 

44 

60 

Lepidocyrtus  violaceus  Fourcroy 

2 

— 

15 

Orcherella  ainsliei  Folsom 

4 

80 

58 

Pseudosinella  rolfsi  Mills 

29 

3 

58 

Pseudosinella  violenta  (Folsom) 

5 

— 

6 

Tomocerus  flavescens  Tullberg 

55 

11 

30 

Isotomidae  (Dt) 

Lolsornia  elongata  (MacGillivray) 

— 

2 

— 

Isotomurus  bimus  Christiansen  &  Bell. 

32 

12 

11 

Isotoma  viridis  Bourlet 

67 

1 

26 

Undetermined  sp. 

— 

1 

— 

Poduridae  (Dt) 

Hypogastrura  sp. 

— 

— 

7 

Pseudachorutes  subcrassoides  Mills 

2 

— 

— 

Tullbergia  nulla  Christiansen  &  Bell. 

— 

— 

4 

Xynella  pseudomaritima  James 

— 

— 

7 

Xynella  grisea  Axelson 

2 

— 

— 

Sminthuridae  (Hb) 

Bourletiella  lippsoni  Snider 

20 

70 

23 

Bourletiella  cf /savona  Maynard 

— 

87 

105 

Bourletiella  spinata  (Macgillivray) 

1 

6 

— 
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Dicyrtoma  marmorata  (Packard) 

— 

4 

4 

Sminthurides  macnamari  Folsom  &  Mills 

11 

31 

102 

Sminthurides  pumilis  (Krausbauer) 

7 

5 

90 

Sminthurimis  cilhenshawi  (Folsom) 

2 

1 

3 

Sminthurinns  latimaculosus  Maynard 

88 

45 

13 

Sminthurimis  macgillivrayi  (Banks) 

1 

— 

— 

Sminthurus  banksi  Christiansen  &  Bell. 

— 

7 

3 

DIPLUBA 

Campodeidae  (Dt) 

Carnpodea  sp. 

1 

— 

1 

DIPTERA 

Anthomyiidae  (Hb) 

Undetermined  sp. 

— 

— 

1 

Anthomyzidae  (Hb) 

Mumetopia  occipitalis  Melander 

— 

— 

1 

Cecidomyiidae  (Hb) 

Lestodiplosis  grassator  (Fyles) 

1 

— 

— 

Micromya  sp. 

1 

— 

— 

Neolasioptera  sp. 

1 

— 

— 

Resseliella  sp. 

1 

— 

— 

Contarinia  sp. 

— 

1 

— 

Peromyia  photophila  (Felt) 

— 

— 

2 

Lestodiplosis  sp. 

— 

— 

1 

Miastor  sp. 

— 

1 

— 

Ceratopogonidae  (Ps) 

Stilobezzia  navaiae  Wirth  &  Grogan 

— 

— 

1 

Chironomidae  (Hb) 

Undetermined  sp. 

— 

1 

— 

Chloropidae  (Hb) 

Conioscinella,  new  sp. 

— 

— 

1 

Thaumatomyia  pulla ,  var.  punctum  Becker 

— 

— 

6 

Lasiosina,  new  sp. 

— 

— 

11 

Dolichopodidae  (Cn) 

Chrysotus  sp. 

1 

— 

— 

Drosophilidae  (Hb) 

Drosophila  sp. 

— 

— 

1 

Drosophila  sp. 

— 

— 

1 

Empididae  (Cn) 

Drapetis  sp. 

1 

— 

19 

Phoridae  (Dt) 

Pulicophora  sp. 

— 

1 

5 

Undetermined  sp. 

1 

— 

— 

Undetermined  sp. 

1 

— 

1 

Psychodidae  (Hb) 

Psychoda  sp. 

— 

1 

— 

Scatopsidae  (Hb) 

Swammerdamella  obtusa  Cook 
Sciaridae  (Dt) 

Eugnoriste  sp. 

Pnyxia  scabiei  (Hopkins) 

Sciomyzidae  (Hb) 

Undetermined  sp. 

Sepsidae  (Dt) 

Sepsis  punctual  (Fabr.) 

Sphaeroceridae  (Dt) 

Leptocera  fontinalis  (Fallen) 

HEMIPTERA 
Lygaeidae  (Hb) 

Hypogeocoris  piceus  (Say) 

Ligyrocoris  diffusus  Uhler 
Xestocoris  sp. 

Miridae  (Hb) 

Mimoceps  sp. 

HOMOPTERA 
Aclerdidae  (Hb) 

Aclerda  ferrisi  McConnell 
Aphididae  (Hb) 

Acyrthosiphon  sp. 

Aphis  oenotherae  Oestlund 
Aphis  sp. 

Capitophorus  elaeagni  (Del  Guercio) 
Uroleucon  sp. 

Uroleucon  sp. 

Uroleucon  sp. 

Cicadellidae  (Hb) 

Aceratagallia  sanguinolenta  (Provancher) 
Aphrodes  costate  (Panzer) 

Aphrodes  fusofasciata  (Goeze) 

Balclutha  sp. 

Deltocephalus  sp. 

Doratura  stylata  (Boheman) 

Driotura  gammaroides  (Van  Duzee) 
Flexamia  prairiana  De  Long 
Stirellus  bicolor  (Van  Duzee) 
Xestocephalus  desartorum  (Berg) 
Polyamia  sp. 

Cixiidae  (Hb) 

Myndus  ftdvus  Osborn 
Myndus  sp. 


Coccidae  (Hb) 

Undetermined  sp. 

Delphacidae  (Hb) 

Pissonotus  sp. 

Diaspididae  (Hb) 

Undetermined  sp. 

Eriococcidae  (Hb) 

Eriococcus  sp. 

Eriococcus  sp. 

Eriococcus,  new  sp. 

Issidae  (Hb) 

Bruchomorpha  dorsata  Fitch 
Pseudococcidae  (Hb) 

Chaurococcus  trifolii  (Forbes) 
Planococcini  sp. 

Trionymus  sp. 

Undetermined  sp. 
Undetermined  sp. 

Psyllidae  (Hb) 

Aphalara  nr.  fumida  Caldwell 

HYMENOPTERA 
Aphelinidae  (Hb) 

Aphytis  sp. 

Apidae  (Hb) 

Apis  mellifera  L. 

Braconidae  (Hb) 

Microplitis  sp. 

Urosigalphus  sp. 
Ceraphronidae  (Hb) 

Aphanogmus  sp. 

Aphanogmus  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Ceraphron  sp. 

Lagynodes  pallidus  (Boheman) 
Diapriidae  (Hb) 

Basalys  sp. 

Basalys  sp. 

Basalys  sp. 

Basalys  sp. 

Basalys  sp. 
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Basalys  sp. 

— 

— 

2 

Monelata  sp. 

— 

2 

— 

Trichopria  sp. 

2 

— 

— 

Trichopria  sp. 

1 

— 

— 

Trichopria  sp. 

— 

1 

— 

Encyrtidae  (Hb) 

Undetermined  sp. 

— 

— 

1 

Eulophidae  (Hb) 

Tetrastichus  sp. 

1 

— 

— 

Unknown  Gen.  &  sp. 

1 

— 

— 

Formicidae  (Om) 

Aphaenogaster  rudis  Emery 

9 

— 

88 

Brachymyrmex  depilis  Emery 

1 

2 

— 

Camponotas  pennsylvanicus  (DeGeer) 

— 

1 

— 

Crematogaster  cerasi  (Fitch) 

3 

2 

33 

Formica  integra  Nylander 

5 

— 

— 

Formica  montana  Emery 

40 

— 

— 

Formica  palledifulva  nitidiventris  Emery 

11 

19 

39 

Formica  pergandei  Emery 

— 

5 

3 

Formica  subsericea  L. 

99 

4 

— 

Formica  sp. 

— 

— 

74 

Lasius  alienus  (Foerster) 

10 

16 

— 

Lasius  flavus  (Fabr.) 

— 

— 

6 

Lasius  neoniger  Emery 

180 

247 

430 

Leptothorax  ambiguus  Emery 

— 

4 

13 

My r mica  americana  Weber 

— 

5 

— 

Myrmica  fractricornis  Emery 

64 

24 

488 

Polyergus  breviceps  Emery 

2 

— 

— 

Ponera  pennsylvanica  Buckley 

1 

— 

4 

Solenopsis  molesta  (Say) 

13 

2 

124 

Stenamma  brevicorne  Mayr 

1 

2 

10 

Tapinoma  sessile  (Say) 

9 

2 

3 

Tetramorium  caespitum  (L.) 

48 

— 

— 

Halictidae  (Hb) 

Dialictus  pilosus  (Say) 

— 

— 

1 

Ichneumonidae  (Hb) 

Cymodusa  distincta  (Cresson) 

— 

1 

— 

Campoletis  sp. 

— 

1 

— 

Megachilidae  (Hb) 

Osmia  atriventris  Cresson 

1 

1 

— 

Hoplitis  producta  Cresson 

— 

1 

— 

Multillidae  (Hb) 

Timulla  barbigera  (Bradley) 

— 

1 

— 

Mymaridae  (Hb) 

Gonatocevus  sp. 

— 

1 

— 

Litus ,  new  sp. 

3 

— 

_ 

Polynema  sp. 

— 

3 

3 

Pompilidae  (Cn) 

Undetermined  sp. 

Anoplius  ( Pompilinus )  marginatus  (Say) 
Anoplius  ( Anoplius )  illinoisensis  (Rob.) 
Ageniella  (Ageniella)  norata  (Banks) 
Pteromalidae  (Hb) 

Spalangia  nigra  Latreille 
Undetermined  sp. 

Rhopalosomatidae  (Hb) 

Olixon  banksii  (Brues) 

Scelionidae  (Hb) 

Baeus  sp. 

Baens  sp. 

Calliscelio  marlatti  (Ashmead) 

Gryon  sp. 

Gryon  sp. 

Paridris  laeviceps  (Ashmead) 

Platygaster  sp. 

Scelio  sp. 

Trimorus  sp. 

Trimorus  sp. 

Trimorns  sp. 

Trimorus  sp. 

Trimorus  sp. 

Trimorus  sp. 

Trimorus  sp. 

Trimorus  sp. 

Telonomus,  new  sp. 

Telonomus ,  new  sp. 

New  Gen.  &  Sp. 

Vespidae  (Cn) 

Parancistrocerus  sp. 

ISOPODA 
Oniscidae  (Dt) 

Armadillidium  vulgare  (Latreille) 
Armadillidium  sp. 

Trachelipus  rathkei  Brandt 
Trachelipus  sp. 

LEPIDOPTERA 
Cochylidae  (Hb) 

Undetermined  sp. 

Gelichiidae  (Hb) 

Undetermined  sp. 

Heliodinidae  (Hb) 

Undetermined  sp. 
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Tortricidae  (Hb) 
Undetermined  sp. 

LITHOBIOMORPHA 
Lithobiidae  (Cn) 

Lithobius  sp. 

OPILIONES 

Phalangidae  (Cn) 

Leiobunum  nigripes  Weed 
Phalangium  opilio  L. 
Leiobunum  sp. 


1 


2  12  12 


1  13 
12  6  2 
—  —  5 


ORTHOPTERA 
Acrididae  (Hb) 

Melanophis  impudicus  Scudder 
Gryllacrididae  (Dt) 

Ceuthophilus  divergens  Scudder 
Gryllidae  (Om) 

Gryllus  pennsylvanicus  Burmeister 
Nemobius  sp. 


—  5  1 

—  —  4 

39  7  4 

41  3  29 


POLYDESMIDA 
Polydesmidae  (Dt) 

Undetermined  sp.  —  —  12 


SPIROBOLIDA 
Parajulidae  (Dt) 

Undetermined  sp.  3  1  — 

THYSANOPTERA 
Phlaeothripidae  (Hb) 

Neothrips  ( Bolothrips )  bicolor  (Heegar)  1  3  — 

Undetermined  sp.  —  1  — 

Thripidae  (Hb) 

Frankliniella  tritici  (Fitch)  6  4  4 

Frankliniella  sp.  1  —  — 

Frankliniella  fasca  (Hinds)  —  1  — 

Chirothrips  manicatus  Haliday  2  —  — 

Microcephalothrips  abdominalis  (Crawford)  —  1  — 

Undetermined  sp.  —  1  — 

Undetermined  sp.  —  2  — 
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ABSTRACT 

The  swamp  rabbit  ( Sylvilagus  aquations)  was  studied  in  southern  Illinois  from 
October  1983  to  May  1985  to  determine  distribution.  Potential  habitats  identified 
using  LUDA-GIRAS  and  high  altitude  infrared  maps,  cooperator  reports,  and  histor¬ 
ical  documentations  were  searched  to  ascertain  current  status  of  swamp  rabbits. 
Swamp  rabbits  inhabited  at  least  22  sites  along  Bay  Creek,  Big  Muddy,  Cache, 
Mississippi,  and  Ohio  river  drainages  in  Alexander,  Franklin,  Jackson,  Johnson,  Pope, 
Pulaski,  and  Union  counties.  Occupied  habitat  totals  at  least  12,485  ha;  4,795  ha 
are  privately  owned,  4,225  ha  are  federally  owned,  and  3,465  ha  are  state  owned. 
Populations  on  private  land  must  be  considered  vulnerable,  but  public  land  use  is 
generally  compatible  with  swamp  rabbit  needs.  Management  of  public  land  is  the 
most  feasible  option  to  insure  perpetuity  of  swamp  rabbits  in  Illinois.  Status  of  swamp 
rabbits  as  game  animals  should  be  evaluated. 

INTRODUCTION 

Reports  of  swamp  rabbits  (Sylvilagus  aquations)  in  Illinois  indicate  occurrence 
was  largely  in  the  “wooded  bottoms  of  the  Ohio  and  Mississippi  rivers  in  southern 
Illinois”  (Nelson  1909).  Cory  (1912)  referenced  Howell  in  describing  the  northern 
limit  of  its  range  in  Illinois  as  a  line  extending  from  Grand  Tower,  Jackson  County 
to  7.5  km  south  of  Golconda  in  Pope  County.  Cochrum  (1949)  felt  the  range  was 
expanding,  adding  Jackson,  Perry,  Jefferson,  Hamilton,  and  Gallatin  counties.  Layne 
(1959)  collected  a  specimen  in  Marion  County,  and  believed  there  were  reliable 
reports  from  Randolph  County.  Klimstra  and  Roseberry  (1969)  reported  specimens 
from  Wayne  County  and  documented  reports  from  Gallatin,  Wabash,  Lawrence, 
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Washington,  Bond,  and  Calhoun  counties  as  reliable.  Terrel  (1969)  validated  reports 
from  Edwards,  Wayne,  and  White  counties,  which  he  believed  represented  the 
North-most  limits  of  the  swamp  rabbit  in  Illinois  (Figure  1). 

Historical  reports  suggest  it  once  was  widely  distributed  and  fairly  common  in 
floodplain  forests  of  the  Cache,  Big  Muddy,  Kaskaskia,  Little  Wabash,  Saline, 
Wabash,  Ohio,  and  Mississippi  rivers.  Becent  evidence  suggests  it  is  less  common 
than  previously,  and  may  be  absent  or  nearly  absent  from  most  interior  drainages. 

Swamp  rabbit  habitat  is  characterized  as  wooded  floodplains  along  borders  of 
lakes,  streams,  and  swamps  (Chapman  and  Feldhamer  1981,  Schwartz  and  Schwartz 
1981).  Rarely  are  they  far  from  open  water,  although  there  is  occasional  utilization 
of  upland  sites  as  refuge  from  flood  waters  and  for  early  season  herbaceous  vegeta¬ 
tion  (Seton  1953,  Lowe  1958,  Hunt  1959,  Conaway  et  al.  1960).  Swamp  rabbits 
in  Missouri  were  reported  most  abundant  in  lowland  hardwood  forests  (Korte  1975). 
They  were  common  in  the  formerly  abundant  canebrakes  (Harrison  and  Hickie  1931) 
in  Indiana,  and  generally  associated  with  southern  swamp  forests  (Terrel  1972). 
The  conversion  of  bottomland  forests  to  agriculture  is  responsible  for  population 
declines  and  restricted  distribution.  Graber  and  Graber  (1976)  estimated  loss  of 
Illinois  bottomland  oak- gum-cypress  forests  at  25%  and  elm- ash-cottonwood  forests 
at  35%  from  1962-1973.  Missouri  (Korte  and  Fredrickson  1977),  Kentucky  (Nelson 
1974),  and  Indiana  (Mumford  and  Whitaker  1982)  experienced  similar  habitat  losses 
and  subsequent  declines  in  swamp  rabbit  numbers  and  distribution.  It  is  currently 
classified  as  rare  in  Missouri  (Nordstrom  et  al.  1977),  threatened  in  Kentucky  (Bran¬ 
son  et  al.  1981)  and  is  protected  from  hunting  in  Indiana  (Jane  Norris,  Indiana  Dept. 
Nat.  Res.,  pers.  comm.),  but  no  special  status  has  been  granted  in  Illinois. 
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study  began  as  an  Illinois  Department  of  Conservation  (IDOC)  Federal  Aid  Project 
W-96-R  contracted  with  the  CWRL.  Because  it  was  abruptly  terminated  by  the 
IDOC  prior  to  scheduled  completion,  all  original  objectives  were  not  accomplished. 

METHODS 

Historical  distribution  of  the  swamp  rabbit  in  Illinois  was  determined  through 
review  of  literature  and  various  museum  collections.  Potential  habitats  for  the  current 
distribution  study  were  identified  using  several  methods.  LUDA-GIRAS  (Anderson 
et  al.  1976,  Mitchell  et  al.  1977)  maps  prepared  by  the  IDOC  (Peter  Roberts,  IDOC, 
pers.  comm.)  were  used  to  identify  forested  wetlands  in  southern  Illinois.  Maps 
provided  by  the  Illinois  Natural  History  Survey  were  used  to  identify  additional 
wet  soil  shrub-swamp  types  along  the  Cache  and  Big  Muddy  rivers.  EROS  (EROS 
Data  Center,  Sioux  Falls,  SD)  high  altitude  infrared  photographs  were  used  to  iden¬ 
tify  additional  habitats  along  the  Mississippi  River  from  Alexander  County  to  Jackson 
County.  Additional  potential  habitats  were  identified  using  historical  locations 
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checked  on  most  recent  1:20,000  or  1:40,000  ASCS  (Agricultural  Stabilization  and 
Conservation  Service,  Salt  Lake  City,  UT)  air  photos. 

Hunter-cooperators  were  recruited  by  announcements  of  the  project  placed  in 
post  offices,  hardware  stores,  cafes,  grocery  stores,  and  other  locations  with  high 
potencial  for  encounter  by  hunters.  Interested  individuals  were  encouraged  to  call 
the  CWRL,  Southern  Illinois  University  at  Carbondale  collect.  They  were  inter¬ 
viewed  to  identify  potential  habitats. 

Ground  checks  were  conducted  at  habitats  with  high  probability  of  supporting 
swamp  rabbit  populations.  Presence  and  relative  abundance  were  determined  by 
observations  of  rabbits,  pellets  on  logs  (Terrel  1969),  vegetation  clippings,  tracks, 
and  other  sign. 

Detailed  site  information  was  documented  (Kjolhaug  1986);  subjective  descrip¬ 
tions  were  made  of  relevant  habitat  features.  Ownership  of  sites  was  determined 
from  recent  county  plat  books.  Area  size  included  contiguous  bottomlands  and  any 
habitat  within  200  m  considered  suitable,  and  was  calculated  using  a  dot  grid  (scale: 
1.6  ha  per  dot).  Area  utilized  was  calculated  as  the  entire  contiguous  area  where 
rabbit  sign  was  found  in  any  part. 

RESULTS 

Distribution 

Intensive  searches  for  swamp  rabbits  or  their  sign  were  conducted  in  11  coun¬ 
ties  with  limited  searches  in  3  others;  all  but  Saline  had  historical  records.  Sign  was 
found  in  Alexander,  Franklin,  Jackson,  Johnson,  Massac,  Pope,  Pulaski,  Union  coun¬ 
ties  associated  with  Ray  Creek,  Big  Muddy,  Cache,  Mississippi,  and  Ohio  river 
drainages  (Figure  2).  Sign  was  not  documented  in  Gallatin,  Lawrence,  Saline, 
Wabash,  Wayne,  and  Williamson  counties.  Additional  records  since  1972  may 
include  Clay,  Gallatin,  Jefferson,  Wayne,  and  White  counties  (Mike  Carter,  IDOC, 
pers.  comm.).  Current  distribution  in  Illinois  is  summarized  in  Figure  1.  Although 
Bond,  Calhoun,  Edwards,  Hamilton,  Marion,  Perry,  and  Randolph  counties  had 
historical  records,  they  were  not  searched.  The  following  summarizes  search  results 
in  counties  where  their  presence  was  confirmed. 

Alexander  County 

Ten  general  areas  were  searched  in  Alexander  County;  6  segments  of  Missis¬ 
sippi  River  floodplain  forest  comprising  2,295  ha,  3  Cache  River  bottomlands  com¬ 
prising  617  ha,  and  82  ha  of  bottomlands  along  Clear  Creek.  Swamp  rabbits  were 
documented  at  all  sites  on  the  Mississippi  and  Cache  rivers,  but  not  along  Clear 
Creek.  Observations  suggest  nearly  all  suitable  habitats  were  occupied  along  the 
Mississippi  River  from  Burnham  Island  to  Cairo,  and  along  the  Cache  River  from 
its  confluence  with  the  Ohio  upriver  to  Tamms.  Habitat  along  these  areas  was  mostly 
continuous,  but  often  limited  to  thin  corridors  along  rivers  and  levees  that  connect 
larger  blocks  of  bottomland  forest. 

Johnson  County 

Sites  checked  in  Johnson  County  were  concentrated  in  the  southwest  along  the 
Cache  River  and  in  the  southeast  along  Bay  Creek.  Swamp  rabbits  inhabit  at  least 
750  ha  in  the  Little  Black  Slough-Heron  Pond  area,  and  410  ha  in  the  Reevesville 
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and  Grantsburg  area.  Although  additional  habitats  of  820  ha  along  the  Cache  River 
appeared  suitable,  no  sign  was  found. 

Massac  County 

Site  checks  in  Massac  County  were  conducted  at  10  locations  along  the  Cache 
and  Ohio  Rivers,  Bear  Creek,  and  small  adjacent  tributaries.  Total  area  occupied 
by  rabbits  was  approximately  1,410  ha.  Excluding  Mermet  Lake,  all  sites  were  small, 
sometimes  connected  by  narrow  strips  of  habitat,  or  narrow  corridors  along  rivers. 
Areas  lacking  rabbits  were  smaller,  isolated,  and  located  on  small  tributary  streams. 

Union  County 

Four  general  areas  searched  in  Union  County  included  the  Big  Muddy-LaRue 
Swamp  and  Wolf  Lake-Otter  Pond  areas,  Union  County  Conservation  Area,  and 
the  Mississippi  River  southwest  of  Ware.  Swamp  rabbits  occurred  on  Union  County 
Refuge  and  a  small  site  near  Wolf  Lake,  totalling  880  ha.  The  800  ha  site  southwest 
of  Ware  was  searched  during  flooding;  no  sign  was  found,  but  reports  from  local 
residents  indicated  occurrence  is  likely. 

Pulaski  County 

Six  areas  totalling  700  ha  in  Pulaski  County  were  searched;  sign  was  found  in 
3  totalling  540  ha.  Approximately  465  ha  of  bottomland  and  swamp  forest  along 
the  Cache  River  between  Alexander  County  and  Interstate  Highway  57  not  searched 
may  support  swamp  rabbits.  All  bottomlands  were  on  floodplains  of  the  Cache  and 
Ohio  rivers,  or  along  small  tributaries  immediately  adjacent.  Most  former  forest 
was  logged  and  converted  to  agriculture,  and  remaining  areas  were  wet.  Areas  where 
rabbits  occurred  were  greater  than  100  ha;  those  lacking  rabbits  were  less  than  60  ha. 

Franklin  County 

Fourteen  sites  totalling  5,270  ha  were  searched;  3  were  occupied  by  swamp  rab¬ 
bits.  Almost  all  was  within  the  Big  Muddy  floodplain  in  the  central  Franklin  county; 
approximately  1,500  ha  were  occupied  by  low  densities.  Continuous  bottomland 
forest  existed  for  nearly  35  km  along  the  river,  its  forks  and  tributaries. 

Other  counties 

Three  areas  totalling  at  least  4,550  ha  were  searched  in  Jackson  county;  sign 
was  found  only  at  Oakwood  Bottoms.  Three  areas  totalling  235  ha  were  searched 
in  Pope  County;  sign  was  found  in  one  75  ha  site  along  Bay  Creek. 

Total  area  and  ownership  of  habitats 

Total  area  of  sites  known  to  support  swamp  rabbits  is  12,585  ha;  approximately 
4,795  ha  are  privately  owned,  3,465  ha  state  owned,  and  4,225  ha  federally  owned 
(USFS),  of  which  4,000  ha  is  the  Oakwood  Bottoms.  An  additional  1,898  ha  of 
unsearched  private  land  appeared  suitable  habitat,  based  on  proximity  to  known 
populations,  and  size  and  vegetation  composition  of  the  areas. 
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DISCUSSION 

A  thorough  study  of  swamp  rabbit  distribution  in  Illinois  has  never  been  con¬ 
ducted;  historical  documentation  (Figure  1)  based  on  a  compilation  of  studies  should 
be  viewed  with  caution.  It  is  likely  recent  reports  (Cochrum  1949,  Layne  1959, 
Klimstra  and  Roseberry  1969,  and  Terrel  1969)  were  not  range  extensions,  but  previ¬ 
ously  unreported  populations.  Habitat  loss  has  occurred  throughout  the  1900’s,  with 
a  corresponding  decrease  in  swamp  rabbit  distribution  (Terrel  1969,  Korte  and 
Fredrickson  1977).  It  is  likely  the  most  wide  spread  occurrence  was  prior  to  this 
period,  but  extent  cannot  be  determined.  Presumably,  swamp  rabbits  once  inhabited 
bottomlands  along  the  Big  Muddy,  Cache,  Little  Wabash,  Mississippi,  Ohio,  and 
Wabash  rivers  as  far  north  as  a  line  running  east- west  through  Calhoun  and 
Lawrence  counties,  with  extreme  southern  counties  most  secure. 

Based  on  CWRL  searches,  Alexander,  Johnson,  Massac,  Pulaski,  and  Union 
counties  support  several  secure,  site-specific  swamp  rabbit  populations.  Sign  in 
Franklin,  Jackson,  and  Pope  counties  suggests  low  densities  and  limited  distribu¬ 
tions.  The  current  status  in  seven  counties  with  historical  records  not  included  in 
this  study  is  unknown.  Searches  of  Gallatin,  Lawrence,  Wabash,  and  Wayne  counties 
conducted  after  spring  flooding  or  when  sites  were  covered  with  herbaceous  vege¬ 
tation  yielded  no  sign  (Kjolhaug  1986);  however,  subsequent  study  may  reveal  popu¬ 
lations.  Other  recent  records  (Mike  Carter,  IDOC,  pers.  comm.)  based  on 
unsubstantiated  reports  must  be  viewed  with  caution. 

The  most  significant  disturbances  to  Illinois’  swamp  rabbit  habitat  are  construc¬ 
tion  of  levees,  drainage  ditches,  and  land-use  conversion  to  agriculture.  Most  bot¬ 
tomland  forests  today  are  “islands”  of  habitat  surrounded  by  agriculture,  with  little 
opportunity  for  reestablishment  of  extirpated  populations;  this  is  especially  critical 
in  northern  portions  of  its  range.  The  geographical  distribution  of  any  species  is 
dynamic  (MacArthur  1972),  even  in  conditions  of  relative  habitat  stability.  Statewide 
distribution  of  the  swamp  rabbit  has  probably  always  experienced  advances  and 
recessions  over  time,  as  expected  for  forms  occupying  marginal  habitats  or  relatively 
severe  climates  at  range  extremities.  Historically,  continuous  bottomland  forest  hab¬ 
itat  throughout  southern  Illinois  allowed  reestablishment  of  northern  swamp  rab¬ 
bit  populations  when  extirpated  from  portions  of  the  range.  Fragmentation  of 
habitats  during  the  past  100  years  had  made  repopulation  by  more  secure  southern 
populations  less  likely,  and  has  created  situations  where  barriers  (agriculture  fields, 
cities)  limit  dispersal  into  otherwise  suitable  habitats  (Udvardy  1969).  In  addition, 
low  survival  or  reproduction  at  range  extremes  may  keep  populations  from  reach¬ 
ing  levels  that  encourage  dispersal  (Udvardy  1969,  Sievart  and  Keith  1985). 

Although  federally  owned  land  supporting  swamp  rabbit  populations  totals  4,225 
ha,  these  are  less  significant  than  state  and  private  holdings.  Densities  at  the  4,000 
ha  Oakwood  bottoms  site  are  low  and  use  is  localized;  the  1,360  ha  area  managed 
as  a  greentree  reservoir  is  flooded  (and  unsuitable)  from  October  through  Febru¬ 
ary.  In  addition,  the  1,400  ha  of  plantation  types  are  of  limited  value.  The  remainder 
of  federal  lands  are  small  segments  of  occupied  habitats  where  adjacent  private  and 
state  lands  are  significant  in  maintenance  of  populations. 

The  state  is  the  most  important  landholder  of  areas  supporting  swamp  rabbit 
populations.  Those  of  significance  are  in  Alexander,  Johnson,  Massac  and  Union 
counties  managed  as  refuges,  parks,  natural  areas,  and  wildlife  management  areas. 
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All  generally  maintain  habitat  compatible  with  swamp  rabbit  needs,  but  there  are 
no  specific  management  efforts. 

Many  important  habitats  are  in  private  ownership;  most  are  owned  by  farmers, 
but  are  too  wet  to  cultivate.  Generally,  all  should  be  viewed  as  insecure;  potential 
for  destruction  is  based  on  changes  in  the  farm  economy  and  construction  of  water 
management  projects.  Commercially  owned  lands  on  the  Big  Muddy  River  are  likely 
areas  for  habitat  loss.  The  purchase  of  land  by  The  LaSalle  Bank  and  Trust  Co. 
may  be  speculative  in  nature;  future  plans  could  include  deforestation,  farming, 
or  energy  development.  Pressure  on  local  politicians  could  encourage  construction 
of  ditches  and  levees,  altering  the  hydrology  of  the  area  and  allowing  uses  less  com¬ 
patible  with  swamp  rabbit  needs. 

It  is  unlikely  swamp  rabbits  in  Illinois  will  recolonize  vacant  habitats;  rather, 
they  may  continue  to  become  extirpated  from  remaining  “islands”.  This  process  will 
continue  until  they  are  limited  to  a  few  remaining  habitats  in  public  ownership 
and  private  conservation  lands,  or  less  suitable  swamp  habitat.  Although  the  Illinois 
population  is  a  relic,  at  least  22  sites  still  support  swamp  rabbits.  Efforts  should 
be  initiated  to  assure  survival  of  these  local  populations,  and  to  identify  additional 
populations.  Selective  cutting  of  over  7,500  ha  of  state  and  federal  bottomland  forests 
now  supporting  swamp  rabbits  should  improve  habitat  quality  (Kjolhaug  1986), 
encouraging  higher  population  densites  better  able  to  survive  relatively  severe 
weather  in  Illinois.  Notifying  owners  that  their  lands  support  swamp  rabbits  may 
provide  incentive  to  preserve  such  areas. 

Swamp  rabbits  are  a  game  animal  in  Illinois;  because  of  hunter  identification 
problems,  season  lengths  and  bag  limits  are  not  distinguished  from  those  for  east¬ 
ern  cottontails.  No  estimates  of  swamp  rabbit  contribution  to  annual  rabbit  har¬ 
vest  is  available;  although  undoubtedly  small,  any  harvest  must  be  viewed  with 
caution.  As  a  native  species,  Illinois  must  insure  its  perpetuity;  identifying  habitats 
supporting  populations  and  providing  full  protection  for  the  most  important  areas 
will  be  an  important  step.  Preservation  of  a  viable  swamp  rabbit  population  in  Illinois 
will  require  an  active  effort. 
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Fig.  1.  Historial  and  recent  swamp  rabbit  records  in  Illinois  (recent  represents  1984-85  study). 
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Fig.  2.  Locations  of  habitats  currently  supporting  swamp  rabbit  populations  in  Southern  Illinois, 
1984-85. 
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ABSTRACT 

Increased  genic  heterozygosity  has  been  shown  to  be  positively  correlated  with 
phenotypic  characters  such  as  weight  and  antler  development  in  white-tailed  deer 
( Odocoilens  virginianns) .  In  this  study,  horizontal  starch  gel  electrophoresis  was  used 
to  determine  heterozygosity  (H)  for  68  female  white-tailed  deer  from  which  reproduc¬ 
tive  tracts  were  collected.  Corpora  lutea  and  corpora  albicantia  were  counted  in  sec¬ 
tioned  ovaries.  While  H  was  not  significantly  correlated  to  ovulation  rates  as  measured 
by  corpora  lutea  counts  (F:363  =  2.04,  p  =  0.1161),  H  was  significantly  correlated 
with  corpora  albicantia  counts  (F344  =  3.09,  p  =  0.0365).  No  significant  differences 
in  H  were  found  between  age  classes.  It  appears  increased  heterozygosity  increases 
potential  productivity  in  white-tailed  deer,  and  does  with  higher  levels  of  genic  het¬ 
erozygosity  ovulate  later  than  those  with  lesser  amounts  of  genic  heterozygosity. 

INTRODUCTION 

The  selective  advantage  of  individuals  with  high  levels  of  genetic  heterozygosity 
has  long  been  accepted.  Two  alleles  at  a  locus  can  be  maintained  at  high  frequencies 
within  a  population  if  the  fitness  of  heterozygotes  is  higher  than  either  homozygote 
(Mayr  1970).  This  phenomenon,  termed  balanced  polymorphism  (Ford  1945),  allows 
the  maintenance  of  higher  levels  of  genic  variability  than  expected.  Indirect  evidence 
of  heterozygote  superiority  comes  from  observations  that  severe  inbreeding  leads  to 
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a  reduction  of  fitness.  “Inbreeding  depression”  can  manifest  itself  in  many  ways,  i.e. 
metabolic  disturbances,  growth  anomalies,  increased  susceptibility  to  disease,  and 
loss  of  fertility  (Lerner  1945). 

High  levels  of  heterozygosity  have  been  linked  to  increased  aggressiveness  and 
exploratory  behavior  in  the  oldfield  mouse  (Peromyscus  polionotus)  (Garten  1976, 
1977).  In  dark-eyed  juncos  ( Junco  hyemalis),  social  dominance  is  positively  correlated 
with  heterozygosity  (Baker  and  Fox  1978).  Smith  et  al.  (1975)  found  a  relationship 
between  heterozygosity  and  reproductive  success  in  rodents,  and  predicted  that 
reproductive,  behavioral,  morphological,  and  physiological  traits  of  most  vertebrates 
are  positively  correlated  with  genic  heterozygosity. 

In  white-tailed  deer,  high  levels  of  heterozygosity  have  been  related  to  antler 
growth  (Smith  et  al.  1983),  increased  fetal  growth  rate  and  doe  size  (Cothran  et  al. 
1983).  Adult  female  deer  with  high  heterozygosity  tend  to  produce  more  offspring 
than  does  with  low  levels  of  heterozygosity  (Johns  et  al.  1977).  Yearling  does  have 
been  shown  to  be  particularly  affected  by  heterozygosity  levels;  those  with  high  het¬ 
erozygosity  being  more  likely  to  bear  twins  (Cothran  et  al.  1983).  Additionally,  there 
appears  to  be  a  tendancy  for  does  with  high  levels  of  heterozygosity  to  ovulate  later 
than  those  with  low  levels  (Baccus  et  al.  1977). 

The  effects  of  varying  heterozygosity  on  the  productivity  of  white- tailed  deer  have 
begun  to  be  identified.  To  date,  the  majority  of  work  on  heterozygosity  in  deer  has 
been  limited  to  a  semi-confined  population  in  Georgia.  There  is  a  need  to  better  under¬ 
stand  this  phenomenon  for  white-tailed  deer  in  general.  The  work  reported  here  was 
an  effort  to  identify  the  effects  of  genic  heterozygosity  on  potential  productivity  of 
a  white-tailed  deer  herd  in  southern  Illinois. 

METHODS  AND  MATERIALS 

Liver  samples  and  reproductive  tracts  were  collected  from  68  female  white-tailed 
deer  harvested  in  late  November  and  early  December  on  the  Crab  Orchard  N.W.R. 
during  the  1980  and  1981  Illinois  firearms  deer  hunt.  Animals  sampled  were  aged 
on  the  basis  of  tooth  eruption  and  wear  patterns  (Severinghaus  1949).  Liver  samples 
were  stored  in  0.85%  saline  at  -  20 °C  until  processed.  Reproductive  tracts  were 
inspected  for  fetuses  and  preserved  in  10%  formalin  (Haugen  1963).  Ovaries  were 
sectioned  and  analyzed  for  corpora  albicantia  and  corpora  lutea  following  Cheatum’s 
(1949)  technique  as  modified  by  Teer  et  al.  (1965). 

Tissue  extracts  were  prepared  for  electrophoresis  by  mixing  0.5  g  of  liver  with 
an  equal  volume  of  buffered  grinding  solution  (0.1  M  tris,  0.001  M  ethylene-diamine- 
tetraacetate  (EDTA),  and  5  X  10“ 5  M  NADP,  pH  adjusted  to  7.0  with  hydrochlo¬ 
ric  acid)  (Selander  et  al.  1971).  The  mixture  was  ground  with  a  mortar  and  pestle; 
tissue  extracts  were  kept  on  wet  ice  during  preparation.  Extract  not  used  immedi¬ 
ately  was  frozen;  all  were  used  within  48  hours  of  preparation. 

Electrophoretic  procedures  followed  those  of  Manlove  et  al.  (1975)  with  modifi¬ 
cations  as  needed.  Three  protein  systems  were  examined;  sorbitol  dehydrogenase 
(SDH),  a-glycerophosphate  dehydrogenase  (GPD),  and  esterase-2  (ES-2).  GPD  and 
SDH  were  examined  using  a  discontinuous  tris-citrate  buffer,  while  ES-2  was  exam¬ 
ined  using  a  lithium  hydroxide  buffer  (Manlove  et  al.  1975,  Maffei  1985). 

An  EC-452  500  volt  power  source  (E-C  Apparatus  Corporation,  St.  Petersburg, 
Florida)  provided  a  constant  current  of  75  ma  through  a  starch  gel.  The  gel  was  sup- 
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ported  on  electrode  buffer  chambers  which  contained  appropriate  buffer  solution. 
Electrolyte  cells,  with  internal  dimensions  of  43  mm  X  50  mm  X  215  mm  and  equipped 
with  platinum  wire  electrodes,  were  used.  Gels  were  prepared  with  potato  starch 
hydrolyzed  for  electrophoresis  (Sigma  Chemical  Co.,  St.  Louis,  Missouri).  Approxi¬ 
mately  40  g  of  starch  were  mixed  with  400  ml  of  gel  buffer,  heated  with  agitation 
over  an  open  flame  until  boiling,  aspirated  for  one  minute,  then  poured  into  a  196 
mm  X  178  mm  X  9  mm  gel  mold.  The  gel,  allowed  to  cool  for  15  minutes,  was  covered 
with  plastic  wrap  and  allowed  to  further  cool  to  ambient.  Samples  were  applied  to 
the  gel  by  absorbing  on  5  mm  X  10  mm  pieces  of  filter  paper;  these  were  then  placed 
in  a  vertical  slit  (origin)  made  in  the  gel  60  mm  from  one  end.  Gels  were  arranged 
so  they  rested  on  buffer  trays  with  the  origin  nearest  the  cathode.  Cellulose  sponge 
cloths  served  as  buffer  wicks  by  placing  one  end  of  a  sponge  in  an  electrode  chamber 
and  the  other  end  over  the  terminal  30  mm  of  gel.  Cathodal  to  the  origin,  the  sponge 
was  placed  on  the  gel  and  covered  with  plastic  wrap,  while  anodal  to  the  origin, 
the  plastic  wrap  was  folded  so  that  30  mm  of  gel  were  exposed.  The  wick  was  placed 
over  both  gel  and  plastic  wrap. 

Electrophoresis  was  performed  in  a  refrigerator  at  4°C  to  prevent  denaturation 
of  proteins  due  to  coulomb  heating.  On  completion  of  electrophoresis,  each  gel  was 
cut  transversely  into  3-mm  thick  slices  which  were  stained  with  the  appropriate  solu¬ 
tion  (Maffei  1985).  Scoring  was  accomplished  by  measuring  to  the  nearest  mm  the 
distance  from  the  origin  to  the  leading  edge  of  each  band  present;  superscript  values 
were  assigned  to  alleles  to  represent  the  migration  distance  of  an  allele  relative  to 
the  migration  distance  of  the  most  common  allele  at  that  locus.  Scored  gels  were  fixed 
in  a  5:5:1  water: methanol: acetic  acid  solution  and  wrapped  for  storage. 

Statistical  analysis  were  conducted  using  the  Statistical  Analysis  System  (SAS)  pack¬ 
age  (Helwig  and  Council  1979).  Two-way  ANOVA  was  used  to  answer  the  follow¬ 
ing  questions;  1)  is  knowledge  of  deer  age  and  heterozygosity  predictive  of  ovulation 
rate  (as  measured  by  the  number  of  corpora  lutea  or  corpora  albicantia  present)? 
2)  is  knowledge  of  deer  age  predictive  of  ovulation  rate  over  and  above  the  effects 
of  heterozygosity?  and  3)  is  knowledge  of  heterozygosity  predictive  of  ovulation  rate 
over  and  above  the  effects  of  age?  Heterozygosity  was  treated  as  a  class  variable  with 
animals  classed  according  to  the  number  of  heterozygous  loci  possessed.  Duncan’s 
multiple  range  test  was  used  to  test  for  between  age  class  differences  in  heterozygosity. 

RESULTS  AND  DISCUSSION 

Two  alleles  were  identified  at  the  ES-2  and  GPD  loci,  3  were  identified  at  the 
SDH  locus  (Figure  1).  The  frequency  of  the  most  common  ES-2  allele,  ES-2100,  was 
0.514.  A  subband  occurred  about  midway  between  the  primary  bands,  and  did  not 
affect  scoring  (Figure  1A).  The  frequency  of  GPD100  was  0.713;  subbanding  also  was 
observed  at  this  locus  (Figure  IB).  The  three  alleles  identified  at  the  SDH  locus, 
SDH100,  SDH42,  and  SDH191,  occurred  at  rates  of  0.654,  0.331,  and  0.015,  respec¬ 
tively.  SDH  is  a  tetramer,  and  heterozygotes  show  a  pattern  with  5  bands  (Figure  1C). 

An  average  of  1.223  heterozygous  loci  per  doe  was  found.  Fawns  possessed  the 
fewest  heterozygous  loci  per  doe,  having  0.895.  Does  older  than  4.5  years  possessed 
an  average  of  1.5  heterozygous  loci.  These  differences  were  not  significant  at  the  0.05 
confidence  level,  and  are  similar  to  results  obtained  for  673  white-tailed  deer  exam¬ 
ined  on  Crab  Orchard  N.W.R.  (Maffei  1985). 
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Forty-five  of  49  does  1.5  years  of  age  or  older  had  ovulated  at  time  of  collection. 
Mean  corpora  lutea  (C.L.)  per  doe  with  C.L.,  and  mean  corpora  albicantia  (C.A.) 
per  doe  with  C.A.  increased  with  age  (Table  1).  Analysis  of  variance  indicated  no 
significant  relationship  between  C.L.  and  the  number  of  heterozygous  loci  (F3  63  = 
2.04,  p  =  0.1161)  (Figure  2).  However,  the  occurrence  of  C.A.  was  significantly 
correlated  to  heterozygosity  (F344  =  3.09,  p  =  0.0365)  (Figure  3). 

Six  of  18  yearling  does  possessed  C.A.  (Table  1),  indicating  conception  as  fawns. 
Of  these  6,  4  were  heterozygous  at  2  loci,  1  was  heterozygous  at  3,  and  the  last  was 
heterozygous  at  1  locus.  Of  12  yearling  does  without  C.A.,  8  were  heterozygous  at 
1  locus,  2  were  heterozygous  at  2  loci,  and  2  were  homozygous  at  3  loci.  Thus,  heter¬ 
ozygosity  may  play  a  role  in  the  reproductive  performance  of  fawns  on  Crab  Orchard 
N.W.R. 

Heterozygosity  may  also  influence  the  time  of  breeding,  with  more  heterozygous 
does  ovulating  later  than  those  with  less  heterozygosity  (Baccus  et  al.  1977,  Cothran 
et  al.  1983).  This  may  explain  the  lack  of  correlation  between  the  number  of  C.L. 
and  heterozygous  loci  possessed.  The  effect  of  heterozygosity  on  time  of  breeding  may 
be  due  to  increased  productivity  of  young  does  with  high  heterozygosity  (Cothran 
et  al.  1983).  If  a  fawn  conceives,  or  a  yearling  doe  conceives  twins,  energy  demands 
will  be  higher  than  for  fawns  which  bear  no  offspring,  or  yearlings  which  bear  a 
single  fawn.  The  resulting  energy  deficit  may  delay  her  next  conception  (Cothran 
et  al.  1983). 

Nutrition  has  been  suggested  (Kirkpatrick  1975)  to  be  of  primary  importance  in 
determing  the  onset  of  puberty  in  white-tailed  deer  fawns,  and  is  a  factor  in  deter¬ 
mining  ovulation  rates  in  older  deer  (Nelson  1984).  Nelson  (1984)  found  that  fawns 
which  ovulated  were  significantly  heavier  than  those  which  had  not,  with  differences 
in  body  fat  levels  being  particularly  evident.  Body  weight  of  white-tailed  deer  has 
been  shown  to  be  significantly  correlated  with  the  number  of  heterozygous  loci  pos¬ 
sessed  (Cothran  et  al.  1983,  Maffei  1985).  It  is  probable  that  nutrition  is  of  primary 
importance  in  determining  onset  of  puberty  and  ovulation  rates  in  white-tailed  deer, 
while  heterozygosity  plays  a  role  in  determining  ovulation  rates  within  bounds  set 
by  the  general  health  and  nutritional  state  of  an  animal. 
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Table  1.  Occurrences  of  corpora  lutea  (C.L.)  and  corpora  albicantia  (C.A.)  in  white¬ 
tailed  deer  does  harvested  on  Crab  Orchard  N.W.R.,  1980  and  1981. 


AgeA 

N 

No.  with 
C.L. 

No.  with 
C.A. 

0.5 

19 

3(16%) 

0 

1.5 

18 

17(94%) 

6(33%) 

2.5 

11 

9(82%) 

11(100%) 

3.5 

6 

6(100%) 

6(100%) 

4.5 

6 

6(100%) 

6(100%) 

4.5  + 

8 

7(88%) 

8(100%) 

LC.L. 

LC.A. 

XC.L.B 

XC.A 

4 

0 

1.33 

30 

7 

1.76 

1.17 

17 

17 

1.89 

1.54 

10 

10 

1.67 

1.67 

16 

13 

2.67 

2.33 

17 

20 

2.43 

2.50 

AAging  based  on  tooth  wear. 

BX  corpora  lutea  per  doe  with  corpora  lutea. 

CX  corpora  albicantia  per  doe  with  corpora  albicantia. 
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Fig.  1.  Banding  patterns  of  3  polymorphic  proteins  in  white-tailed  deer.  Allelic  designations  are  given 
below  the  origin  (0-0).  (A)  Esterase-2;  (B)  a-glycerophosphate  dehydrogenase;  (C)  Sorbitol  dehydrogenase. 
Banding  patterns  were  not  always  as  distinct  as  illustrated. 
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AGE 

Fig.  2.  Relationship  between  age  and  number  of  heterozygous  loci  (H)  in  female  white-tailed  deer  and 
occurrence  of  corpora  lutea.  H  is  represented  as  the  number  of  heterozygous  loci  possessed  by  an  individ¬ 
ual.  Figure  illustrates  results  for  68  animals. 
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AGE 

Fig.  3.  Relationship  between  age  and  number  of  heterozygous  loci  (H)  in  female  white-tailed  deer  and 
occurrence  of  corpora  albicantia.  H  is  represented  as  the  number  of  heterozygous  loci  possessed  by  an 
individual.  Figure  illustrates  results  for  49  animals. 
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ABSTRACT 

Movements  and  harvest  of  Canada  geese  (Branta  canadensis)  associated  with 
Rend  Lake,  Illinois  were  studied  during  fall  and  winter  1982-83  and  1983-84.  High 
inter-refuge  movement  in  southern  Illinois,  and  low  between  year  homing,  suggest 
that  Rend  Lake  is  an  integral  part  of  the  total  southern  Illinois  Canada  goose 
wintering  area.  Harvest  at  Rend  Lake  is  a  function  of  goose  use  during  the  hunting 
season,  and  hunting  season  goose  use  is  highly  dependent  on  arrival  of  geese  from 
Wisconsin  during  November/December.  Arrival  chronology  from  Wisconsin  is  highly 
variable  and  results  in  unstable  goose  harvest.  Inclusion  of  Rend  Lake  in  a  Quota 
Zone  is  recommended. 


INTRODUCTION 

The  Mississippi  Valley  Population  (MVP)  of  Canada  geese  breeds  along  and 
inland  from  the  western  shore  of  James  Bay,  and  the  southwestern  shore  of  Hudson 
Bay  (Hanson  and  Smith  1950).  They  migrate  through  Wisconsin  and  Michigan  to 
major  wintering  areas  in  southern  Illinois  and  western  Kentucky.  Early  and  late 
migrating  subflocks  have  been  identified  within  the  MVP  (Kennedy  and  Arthur 
1974).  Early  arrivals  reach  southern  Illinois  in  late  September  or  early  October  and 
either  overfly  Wisconsin  or  remain  there  a  short  time  (Kennedy  and  Arthur  1974, 
Craven  1978,  Bellrose  1980).  The  late  migrants  usually  do  not  reach  southern  Illinois 
until  late  November  or  early  December,  spending  most  of  the  fall  in  Wisconsin 
(Craven  1978,  Bellrose  1980).  Kennedy  and  Arthur  (1974)  suggested  differences  in 
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migration  chronology  and  wintering  patterns  of  early  and  late  subflocks  might  allow 
separate  harvest  management. 

Rend  Lake,  completed  by  the  Army  Corps  of  Engineers  in  1971,  supports  large 
numbers  of  geese  in  late  winter  with  January  populations  having  reached  120,000 
birds.  The  large  number  of  MVP  geese  using  this  area  make  understanding  of  its 
influence  important  to  management  of  the  MVP. 

Of  particular  interest  are  movements  between  Rend  Lake  and  refuges  within 
the  Southern  Illinois  Canada  Goose  Quota  Zone.  Hunter  harvest  in  the  Quota  Zone 
is  monitored  daily  and  is  discontinued  upon  reaching  a  preset  annual  quota.  Anderson 
(1983)  concluded  the  potential  exists  for  continued  harvest  of  Quota  Zone  geese  at 
Rend  Lake  after  cessation  of  hunting  in  the  Zone.  Trost  et  al.  (1981)  and  Thornburg 
and  Estel  (1983)  also  noted  possible  associations  between  Rend  Lake  geese  and  those 
of  other  refuges.  However,  the  extent  of  these  relationships  remains  unknown. 

The  purpose  of  this  study  was  to  monitor  Canada  goose  interchange  between 
Rend  Lake  and  other  southern  Illinois  and  western  Kentucky  goose  refuges,  to 
identify  the  relationships  between  Rend  Lake  and  early  and  late  migrating  Canada 
geese,  and  to  evaluate  factors  influencing  the  harvest  of  Canada  geese  at  Rend  Lake. 

STUDY  AREAS  AND  METHODS 

The  study  area  included  Rend  Lake,  a  7,560  ha  impoundment  of  the  Big  Muddy 
River,  located  in  Jefferson  and  Franklin  counties  of  Illinois  (Paine  1985).  The 
southern  Illinois  Canada  Goose  Quota  Zone,  created  in  1960  to  regulate  harvest 
in  Alexander,  Union,  Jackson  and  Williamson  counties  of  Illinois  (Nelson  1962), 
contained  study  sites  at  Crab  Orchard  National  Wildlife  Refuge  (CONWR),  Union 
County  Conservation  Area  (UCCA)  and  Horseshoe  Lake  Conservation  Area 
(HLCA).  The  Ballard  County  Wildlife  Management  Area  (BCWMA)  study  area 
was  located  across  the  Ohio  River  from  southern  Illinois  in  Ballard  County, 
Kentucky. 

Geese  were  captured  by  rocket  net  and  swim-in  trap  on  the  Rend  Lake  Wildlife 
Refuge  in  1982-83  and  1983-84.  Captures  were  aged  and  sexed  (after  Hanson  1967), 
and  marked  with  U.S.  Fish  and  Wildlife  Service  aluminum  leg  bands  and  plastic 
neck  collars  (Ballou  and  Martin  1964)  bearing  a  unique  four  symbol  alpha-numeric 
code. 

Neck  collared  geese  were  observed  from  a  vehicle  using  a  15-60x  spotting  scope. 
Collar  codes  and  colors,  flock  size,  habitat  type,  time  of  day,  and  location  were 
recorded.  Searches  for  marked  geese  were  conducted  at  least  four  times  per  week 
at  Rend  Lake  in  both  years.  Weekly  searches  were  made  at  UCCA,  CONWR,  and 
HLCA  in  1983-84;  in  contrast  to  sporadic  searches  in  1982-83. 

Classification  of  geese  marked  at  Rend  Lake  in  1982-83  as  early  or  late  migrants 
was  based  on  subsequent  observation  during  1983-84.  Marked  birds  observed  in 
Wisconsin  after  15  November  1983,  or  first  observed  in  southern  Illinois  6-31 
December  1983,  were  classified  as  late  migrants.  Marked  birds  observed  in  southern 
Illinois  prior  to  15  November  1983  were  classified  as  early  migrants. 

Canada  goose  population  estimates  were  obtained  from  IDOC  aerial  inventories, 
augmented  by  ground  counts  in  1983-84.  Southern  Illinois  population  data  prior 
to  1983-84  were  from  IDOC  Waterfowl  Program  Periodic  Reports.  Wisconsin  goose 
population  data  were  from  Wisconsin  Department  of  Natural  Resources  Canada 
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Goose  Inventory  Reports.  Rend  Lake  harvest  and  hunter  use  data  were  from  IDOC 
records  and  Periodic  Reports.  Weather  data,  recorded  at  the  main  Rend  Lake  Dam, 
were  compiled  from  NOAA  Climatological  Reports. 

Chi-square  analyses  were  used  to  test  for  differences  in  distributions  of  marked 
geese  and  age  and  sex  ratios.  Stepwise  multiple  regression  was  used  to  evaluate  factors 
influencing  harvest  of  geese. 

RESULTS  AND  DISCUSSION 

Banding  and  Neck  Collar  Observations 

In  1982-83,  476  neck  collars  were  placed  on  Canada  geese  captured  at  two  sites 
on  the  Rend  Lake  Refuge  10  December  -  22  February.  In  1983-84,  531  geese  were 
marked  at  one  site  on  the  refuge  29  November  -  10  January.  Geese  neck  collared 
by  the  IDOC  and  U.S.  Fish  and  Wildlife  Service  at  HLCA,  UCCA  and  CONWR 
were  also  used  to  detect  movement  between  refuges.  Marking  at  CONWR  was  com¬ 
pleted  by  early  November  both  years;  UCCA  marking  began  in  October  and  con¬ 
tinued  into  January  while  marking  at  HLCA  occurred  in  January,  1983. 

In  1982-83,  807  observations  of  neck  collared  geese  were  obtained  at  refuges 
in  southern  Illinois  and  western  Kentucky.  A  total  of  4015  observations  was  obtained 
in  fall/winter  1983-84  in  Wisconsin,  southern  Illinois,  and  at  more  southern  refuges. 
Southern  Illinois  Inter-Refuge  Movements  and  Refuge  Fidelity 

Eighty-four  movements  in  1982-83,  and  292  in  1983-84  were  detected  between 
Rend  Lake  and  4  southern  Illinois  and  western  Kentucky  goose  refuges.  Movements 
involving  Rend  Lake  were  primarily  to  or  from  CONWR  (Table  1),  supporting 
Anderson’s  (1983)  conclusions  based  on  radio-marked  geese.  The  number  of  move¬ 
ments  to  and  from  other  area  refuges  was  inversely  proportional  to  distance  from 
Rend  Lake.  Trost  et  al.  (1981)  reported  frequency  of  inter-refuge  movements 
involving  Ballard  County  WMA  to  be  dependent  on  distance. 

Of  the  476  geese  marked  at  Rend  Lake  during  the  first  year  of  this  study,  272 
(57%)  were  observed  the  following  year;  207  (44%)  reached  southern  Illinois.  Of 
the  207  returning  geese,  96  (46%)  were  observed  at  least  once  at  Rend  Lake,  89 
(43%)  at  CONWR,  31  (15%)  at  UCCA,  52  (25%)  at  HLCA,  and  10  (5%)  at  Ballard 
County  WMA.  Only  31  (15%)  were  observed  solely  at  Rend  Lake;  176  (85%)  used 
at  least  one  other  southern  Illinois  or  western  Kentucky  refuge.  Age/sex  ratios  of 
marked  geese  using  each  refuge  were  not  significantly  different  (P>0.05).  Both  within 
year  movement  and  between  year  refuge  fidelity  data  suggest  geese  using  Rend  Lake 
are  strongly  associated  with  other  area  refuges,  particularly  CONWR. 
Movement  of  Early  and  Late  Migrants 

Of  the  207  marked  geese  reaching  southern  Illinois  in  1983-84,  60  (29%)  were 
classified  early  migrants,  88(42%)  late  migrants,  and  59  (28%)  unknowns.  Fifty 
percent  of  both  early  and  late  migrants  returned  to  Rend  Lake  in  1983-84  (Table 
2).  Use  of  HLCA  and  UCCA  by  early  and  late  Rend  Lake  marked  geese  was  not 
significantly  different  (P>0. 05).  However,  early  migrants  used  CONWR  significantly 
more  (PC0.01)  than  late  migrants  (73%  versus  25%  respectively). 

There  were  significant  differences  (P<0.05)  in  where  early  and  late  migrants 
were  first  observed  in  southern  Illinois  (Table  2).  Only  15%  of  early  migrants  were 
first  observed  in  southern  Illinois  at  Rend  Lake,  although  50  %  eventually  moved 
there;  67  %  of  early  migrants  were  first  observed  at  CONWR.  Despite  Rend  Lake’s 


320 


more  northerly  position,  many  early  migrants  eventually  reached  Rend  Lake  after 
arriving  at  CONWR.  In  1983,  fall  movement  from  CONWR  to  Rend  Lake  began 
in  early  October  and  continued  through  November  (Paine  1895). 

In  contrast  to  early  migrants,  47  %  of  late  migrants  were  first  observed  in 
southern  Illinois  at  Rend  Lake  (Table  2).  Only  2  of  the  43  late  migrants  observed 
at  Rend  Lake  in  1983-84  were  first  observed  in  southern  Illinois  at  another  refuge. 
In  fall  1983,  Rend  Lake  was  a  staging  area  for  many  late  migrants  on  first  arrival 
in  southern  Illinois  prior  to  continued  migration  to  other  southern  Illinois  refuges. 
The  Rend  Lake  goose  population  increased  from  20,000  on  5  December  to  80,000 
on  9  December  1983,  coinciding  with  reported  departure  from  Wisconsin.  The  Rend 
Lake  population  had  dropped  to  50,000  by  14  December  and  to  30,000  by  the  end 
of  December.  Peak  January  population  in  1984  was  only  40,000  geese,  in  contrast 
to  the  80,000  -  120,000  birds  occuring  in  some  years.  Census  data  suggest  high  popu¬ 
lation  levels  have  been  reached  when  large  numbers  of  late  migrants  remained  at 
Rend  Lake  through  January.  In  some  years,  movement  to  Rend  Lake  from  more 
southern  refuges  may  contribute  to  January  population  peaks,  but  geese  arriving 
from  the  north  seem  of  primary  importance  in  all  years.  Food  availability  and 
weather  at  Rend  Lake  when  late  geese  arrive  from  Wisconsin  may  be  critical  factors 
determining  population  levels  at  Rend  Lake  during  the  remainder  of  the  wintering 
period  (Paine  1985). 

Movements  from  Wisconsin  to  Southern  Illinois 

Sixty-three  movements  of  geese  marked  at  Rend  Lake  in  1982-83  were  detected 
between  Wisconsin  and  refuges  in  southern  Illinois  during  fall/winter  1983-84  (Table 
3).  Only  6  geese  reported  in  Wisconsin  during  fall  1983  were  first  observed  in 
southern  Illinois  prior  to  1  November  1983;  5  were  first  observed  at  CONWR  and 
1  at  Rend  Lake.  No  moves  from  Wisconsin  were  detected  between  1  November  and 
5  December,  although  1  goose  was  first  observed  in  southern  Illinois  during  this 
period.  The  number  of  geese  censused  in  Wisconsin  during  November  1983  declined 
by  35,000,  while  the  Rend  Lake  population  increased  by  12,000.  However,  the 
overall  southern  Illinois  population  also  declined  by  35,000  during  this  period  when 
no  movement  of  marked  geese  from  Wisconsin  was  detected.  Movement  from  more 
southern  refuges,  particularly  Crab  Orchard,  was  high  during  November;  thus 
increases  at  Rend  Lake  can  probably  be  attributed  to  movements  from  CONWR 
rather  than  ingress  from  Wisconsin.  Major  arrivals  of  late  migrants  in  southern 
Illinois  (57  of  63  marked  geese),  began  around  6  December  1983  and  continued 
through  December. 

Early/Late  Subflock  Fidelity 

No  major  migrations  of  geese  from  Wisconsin  occurred  in  1982-83;  over  100,000 
geese  were  in  Wisconsin  as  of  4  January  1983.  This  was  only  34,000  fewer  than 
peak  censused  fall  populations  that  Craven  (1978)  believed  represented  most  of  the 
geese  using  east-central  Wisconsin.  Goose  populations  in  southern  Illinois  declined 
continuously  from  8  November  1982  until  17  January  1983.  Despite  southern  Illinois 
population  figures  not  reflecting  arrival  of  late  migrants,  a  substantial  portion  of 
the  geese  trapped  at  Rend  Lake  during  December  1982,  were  late  migrants  the 
following  year.  Of  the  145  geese  trapped  in  December  1982,  30  (21  %)  were  identified 
as  late  migrants  the  following  year  while  only  19  (13%)  were  identified  as  early 
migrants.  Of  marked  geese  reaching  southern  Illinois  in  1983-84,  19  were  identified 


321 


as  early  and  22  as  late  migrants.  If  the  geese  which  returned  to  southern  Illinois 
in  1983-84  were  a  representative  sample  of  the  birds  trapped  in  December  1982, 
and  the  probability  of  being  correctly  identified  was  the  same  for  early  and  late 
migrants,  then  about  50%  of  geese  trapped  at  Rend  Lake  in  December  1982  were 
late  migrants  in  1983-84.  Either  a  substantial  number  of  late  migrants  arrived  at 
Rend  Lake  prior  to  or  during  December  1982,  or  they  were  not  consistent  early/late 
migrants  in  the  2  years  of  this  study. 

Harvest  Trends 

Season  length,  bag  limit,  goose-day-use,  and  methods  used  to  determine  harvest 
at  Rend  Lake  have  changed  since  the  lake  was  completed  in  1971  (Hamer  and  Arthur 
1976,  Thornburg  1980,  Thornburg  and  Estel  1983).  No  overall  trend  in  goose  harvest 
has  occurred  since  1975.  However,  variation  in  the  methods  used  to  collect  data 
make  comparison  of  yearly  kill  unreliable.  The  method  of  determining  harvest  on 
public  land  surrounding  the  lake  has  been  consistent  since  1979,  and  these  data  were 
used  for  further  harvest  analysis  (Table  4). 

Hunting  season  goose-day-use  (sum  of  geese  present  at  Rend  Lake  on  each  day 
of  the  hunting  season)  was  the  only  significant  predictor  of  harvest  in  a  stepwise 
regression  model  which  included  bag  limit,  hunter  effort,  and  goose  day  use 
(R2  =  0.955,  f  =  79.2,  df  =  2,  P  =  0.023).  Over  95%  of  yearly  variation  in  public 
lands  harvest  could  be  explained  by  differences  in  hunting  season  goose-day-use. 
Hunter  effort  and  bag  limit  did  not  significantly  affect  harvest. 

Over  the  entire  season,  goose-day-use  was  a  good  predictor  of  harvest.  However, 
over  shorter  periods  of  time  it  was  less  reliable.  Other  factors  affecting  goose  harvest, 
such  as  weather  and  hunting  vulnerability,  presumably  prevent  accurate  harvest 
prediction  over  short  periods  of  time.  Recause  of  this,  it  was  impossible  to  accurately 
estimate  the  early/late  migrant  composition  of  the  harvest  based  on  their  relative 
contributions  to  hunting  season  goose-day-use. 


CONCLUSIONS 

High  within  year  inter-refuge  movement  and  low  between-year  refuge  fidelity 
of  geese  suggest  that  Rend  Lake  is  an  integral  part  of  the  southern  Illinois  Canada 
goose  wintering  complex.  MVP  harvest  planning  should  include  consideration  of 
the  impact  of  Rend  Lake  harvest. 

Population  levels  and  harvest  at  Rend  Lake  during  fall  are  primarily  dependent 
on  late  migrants  from  Wisconsin  whose  arrival  dates  vary  greatly.  This  makes  control 
of  harvest  through  manipulation  of  season  length  and  dates  difficult,  and  may  result 
in  overharvest  in  some  years  and  underharvest  in  others.  Creation  of  a  Rend  Lake 
Quota  Zone  would  allow  the  control  of  harvest  needed  to  compensate  for  major 
variations  in  goose  populations,  benefiting  both  geese  and  hunters. 

Although  late  migrants  are  clearly  important  to  harvest  levels  at  Rend  Lake, 
their  exact  contribution  is  unknown,  especially  when  no  major  late  migration  occurs. 
Data  also  suggests  that  geese  are  not  consistent  early  or  late  migrants  from  year  to 
year.  Further  research  is  needed  to  determine  if  early  and  late  migrants  represent 
manageable  subflocks. 
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Table  1.  Number  of  movements  of  marked  Canada  geese  detected  between  Rend 
Lake  and  other  refuges  in  southern  Illinois  and  western  Kentucky  during 
fall/winter  1982-83  and  1983-84. 


Year 


1982-83  1983-84 


Refuge 

To  Rend 

From  Rend 

To  Rend 

From  Rend 

Crab  Orchard  NWR,  IL 

26 

28 

105 

76 

(72  % ) 

(58  % ) 

(78  % ) 

(48  % ) 

Union  County  CA,  IL 

4 

11 

20 

39 

(n%) 

(23  % ) 

(15%) 

(25  % ) 

Horseshoe  Lake  CA,  IL 

6 

6 

6 

32 

(17%) 

(13%) 

(5%) 

(20  % ) 

Rallard  County  WMA,  KY 

0 

3 

3 

11 

(0%) 

(6%) 

(2%) 

(7%) 

Sub-Total 

36 

48 

134 

158 

(100%) 

(100%) 

(100%) 

(100%) 

Total  84  292 
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Table  2. 


Southern  Illinois  refuge  observations  during  fall/winter  1983-84  of  early 
and  late  migrating  Canada  geese  marked  at  Rend  Lake  during  fall/winter 


1982-83. 


Refuge3 

Refuge 

Useb 

First  Refug< 

gc 

Early 

Late 

Early 

Late 

RLWMA 

30 

43 

9 

41 

(50  % ) 

(49  % ) 

(15%) 

(47  % ) 

CONWR 

44 

22 

40 

13 

(73  % ) 

(25  % ) 

(67  % ) 

(15%) 

UCCA 

4 

11 

0 

10 

(7%) 

(12%) 

(0%) 

(n%) 

HLCA 

13 

29 

11 

24 

(22  % ) 

(33  % ) 

(18%) 

(27  % ) 

S.  ILLd 

60 

88 

60 

88 

(100%) 

(100%) 

(100%) 

(100%) 

a  RLWMA  =  Rend  Lake  Wildlife  Management  Area,  CONWR  =  Crab  Orchard 
National  Wildlife  Refuge,  UCCA  =  Union  County  Conservation  Area,  HLCA 
=  Horseshoe  Lake  Conservation  Area,  S.  ILL  =  southern  Illinois. 


b  Number  of  early  and  late  migrants  observed  at  each  refuge.  Columns  do  not  sum 
to  100%,  individuals  were  sited  at  multiple  refuges. 

c  Refuge  where  a  marked  goose  was  first  observed  in  southern  Illinois  during  fall/win¬ 
ter  1983-84. 

d  Individual  marked  geese  observed  in  southern  Illinois. 
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Table  3.  Movements  of  Canada  geese  (marked  at  Rend  Lake  daring  fall/winter 
1982-83)  from  Wisconsin  to  southern  Illinois  during  fall/winter  1983-84. 


Date  of  first  southern 
Illinois  observation 

Refuge3 

Total 

RLWMA 

CONWR 

UCCA 

HLCA 

Prior  to  1  Nov,  1983 

1 

5 

0 

0 

6 

1  Nov  -  1  Dec,  1983 

0 

0 

1 

0 

1 

1  Dec  -  1  Jan,  1983-84 

12 

8 

2 

5 

27 

After  1  Jan,  1984 

14 

7 

2 

6 

29 

Total 

27 

20 

5 

11 

63 

a  Number  of  geese  first  observed  in  southern  Illinois  at  refuge. 

RLWMA  =  Rend  Lake  Wildlife  Management  Area,  CONWR  =  Crab  Orchard 
National  Wildlife  Refuge,  UCCA  =  Union  County  Conservation  Area,  HLCA 
=  Horseshoe  Lake  Conservation  Area. 


Table  4.  Harvest  of  Canada  geese,  goose-day- use,  and  hunting  regulations  at  Rend 
Lake  during  the  1975-83  goose  hunting  seasons. 


Year 

Season 

Length 

(days) 

Goose 

Day  Use 

Public  Land3 
Harvest 

Bag 

Limit 

Method6 

1975 

69 

822,167 

1710 

2 

WC 

1976 

70 

1,225,650 

2017 

2 

WC 

1977 

55 

2,593,150 

1630 

2 

WC 

1978 

56 

1,578,500 

4604 

2 

WC 

1979 

62 

1,211,750 

1917 

2 

MR 

1980 

63 

1,644,892 

3508 

2 

MR 

1981 

50 

1,406,892 

2827 

2 

MR 

1982 

40 

715,142 

1109 

1 

MR 

1983 

40 

1,044,800 

1856 

1 

MR 

a  Harvest  on  public  land  surrounding  Rend  Lake. 

b  Method  used  to  determine  harvest  on  public  land;  WC  =  window  card  survey, 
MR  =  mandatory  registration  of  hunters  and  harvest. 
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ABSTRACT 

A  total  of  184,699  Canada  geese  (Branta,  canadensis)  in  222  flocks  were  observed 
along  habitat  survey  routes  near  Rend  Lake,  Illinois  October-February  1983-84. 
Overall,  44%  of  geese  were  observed  in  corn  fields,  10.1%  in  soybeans,  2.6%  in 
milo,  30.2%  in  clover,  and  12.7  %  in  winter  wheat.  Use  of  clover  and  winter  wheat 
fields  occurred  primarily  on  public  lands  adjacent  to  the  Lake.  Public  lands  manage¬ 
ment  for  geese  at  Rend  Lake  should  emphasize  maintenance  of  clover  and  winter 
wheat  and  provide  some  corn;  soybeans  should  not  be  planted  because  of  potential 
goose  esophogeal  impaction,  and  milo  eliminated  because  of  low  selection  by  geese. 

INTRODUCTION 

Rend  Lake  is  relatively  new,  completed  by  the  Army  Corps  of  Engineers  in  1971. 
Because  of  this,  little  is  known  of  the  activity  patterns  and  food  habits  of  Canada 
geese  wintering  there.  Rend  Lake  has  supported  large  numbers  of  geese  in  late  winter 
in  recent  years;  January  populations  have  reached  120,000  geese.  Thornburg  et  al. 
(1986)  reported  geese  at  Rend  Lake  to  weigh  significantly  less  in  winter  1983-84 
than  geese  at  other  southern  Illinois  refuges,  suggesting  the  need  for  improved  habitat 
management.  Our  purpose  was  to  document  activity  patterns  and  habitat  use  of 
Canada  geese  using  Rend  Lake. 
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STUDY  SITE  AND  METHODS 

Rend  Lake,  located  in  Jefferson  and  Franklin  counties  of  Illinois,  is  a  7,560  ha 
impoundment  of  the  Big  Muddy  River  (Figure  1).  The  Refuge  is  located  on  Nason 
Point  (Figure  1)  and  contains  810  ha  of  land  and  1,215  ha  of  water.  Rend  Lake 
Wildlife  Management  Area  (RLWMA)  provides  4,375  ha  of  land  and  water  around 
the  northern  half  of  the  Lake,  including  numerous  public  hunting  areas  and  boat 
ramps.  Wayne  Fitzgerrell  State  Park  provides  an  additional  2,860  ha  of  public  land 
on  the  east  side.  Cropland  on  the  Refuge  and  Wildlife  Management  Area  is 
sharecropped  by  tenant  farmers,  part  of  the  crop  being  left  in  fields  for  waterfowl. 
Crops  include  corn,  milo,  soybeans,  winter  wheat,  and  clover. 

Two  approximately  120  km  habitat  survey  routes  0-16  km  from  Rend  Lake 
(Figure  1)  were  driven  Friday  and  Saturday  each  week  28  October  -  18  February 
1983-84;  one  from  one  half  hour  after  sunrise  to  noon  and  the  other  from  noon  until 
sunset.  Each  route  was  driven  once  in  the  morning  and  once  in  the  afternoon  during 
each  2  day  period  with  route  direction  and  order  reversed  each  week.  Time  of  day, 
flock  size  and  habitat  type  were  recorded  for  all  geese  seen  within  0.8  km  of  routes. 
Habitat  availability  within  0.8  km  was  documented  by  ground  cover  mapping;  field 
sizes  were  determined  by  ocular  estimation. 

Habitat  use  during  surveys  was  categorized  as  <3  km,  3-8  km  or  >8  km  from 
the  lake.  The  shore  of  the  lake,  rather  than  a  central  point  was  used  to  define  these 
distances.  Equal  lengths  of  survey  route  were  located  within  each  distance  category. 
To  account  for  the  effect  of  availability  on  goose  habitat  use,  selectivity  indexes  (SI) 
were  computed  by  dividing  percent  goose  use  of  habitats  by  the  respective  percentage 
availability  of  each  habitat  along  survey  routes  (Sauer  1983). 

RESULTS  AND  DISCUSSION 

Availability  of  crops  along  habitat  survey  routes  was  assumed  to  be  representative 
of  the  entire  area  within  16  km  of  Rend  Lake.  While  no  data  was  gathered  to  verify 
this  assumption  in  1983-84,  no  difference  (P>0.05)  was  found  between  land  use 
within  16  km  of  Rend  Lake  (Agricultural  Stabilization  and  Conservation  Service 
crop  reporting  data)  and  land  use  along  these  habitat  routes  in  1984-85  (Unpub. 
data,  SIU-C  Cooperative  Wildlife  Research  Laboratory). 

A  total  of  184,699  Canada  geese  in  222  individual  flocks  was  observed  during 
fall/winter  1983-84  (Table  1).  Over  the  entire  fall/winter  period,  44%  of  geese  were 
observed  in  corn  fields,  10.1%  in  soybeans,  2.6%  in  milo,  30.2%  in  clover,  and 
12.7%  in  winter  wheat.  Geese  selected  corn  and  clover  in  excess  of  availability, 
while  wheat,  soybeans,  milo,  and  pasture  were  used  less  than  their  availability  (Table 
1).  Bell  (1957),  Arthur,  (1968),  and  Sauer  (1983)  reported  similar  findings  at  other 
southern  Illinois  refuges. 

Geese  were  observed  0-16  km  from  Rend  Lake;  38%  were  observed  on  the 
refuge,  26%  off  the  refuge  but  within  3  km  of  the  lake,  5%  between  3-8  km  from 
the  lake,  and  30%  at  greater  than  8  km  (Table  1).  Within  the  refuge,  use  of  corn 
and  milo  fields  (5%  and  4%)  was  less  than  percentage  availability  (18%  corn  and 
37 %  milo).  In  contrast,  clover  fields  made  up  25%  of  available  refuge  habitat,  but 
contributed  75%  of  refuge  goose  use.  Off-refuge,  geese  selected  corn,  and  rarely 
used  the  area  3-8  km  from  the  lake  (Table  1).  Little  use  of  milo  was  noted  anywhere. 
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All  use  of  forage  was  observed  within  3  km  of  the  lake  despite  high  availability 
of  both  clover  and  winter  wheat  further  from  the  lake  (Table  1).  Clover  was  selected 
on  the  refuge  (SI  =  10.6),  but  was  used  only  in  proportion  to  its  availability  <3  km 
from  the  lake  (Table  1).  Off-refuge  clover  use  occurred  primarily  on  private  land, 
as  little  clover  was  available  on  RLWMA.  Geese  selected  winter  wheat  both  on  the 
refuge  (SI  =  1.9)  and  off-refuge  within  3  km  of  the  lake  (SI  =  2.5).  Off-refuge,  96% 
of  winter  wheat  use  was  observed  on  Rend  Lake  Wildlife  Management  Area. 

CONCLUSIONS  AND  RECOMMENDATIONS 

Rend  Lake  Refuge  and  Rend  Lake  Wildlife  Management  Area  provided  almost 
all  forage  crops  used  by  geese  in  1983-84.  Little  use  of  winter  wheat  occurred  on 
private  land  although  available.  The  importance  of  public  land  in  supplying  forage 
for  geese,  and  the  ability  of  geese  to  find  corn  on  private  land,  suggest  that  providing 
sufficient  supplies  of  winter  wheat  and  clover  on  the  Refuge  and  Wildlife 
Management  Area  should  be  a  primary  habitat  management  goal.  However, 
plantings  of  corn  should  be  maintained  on  public  land  to  provided  high  energy  food 
sources  close  to  roosts.  Soybeans  should  not  be  planted  on  public  land  due  to  the 
potential  impaction  (Jarvis  1976),  and  milo  planting  should  be  discouraged  because 
it  is  rarely  used  by  geese. 
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Table  1.  Percentage  habitat  use  and  selection  by  Canada  geese  at  various  distance 
from  Rend  Lake  during  fall/ winter  1983-84. 


Habitat 

Distance  from  Rend  Lake; 

l 

Areab 

wide 

Refuge 

<3  km 

3-8  km 

>8  km 

Corn 

2% 

11% 

5% 

26% 

44% 

(2.9)c 

(1.2) 

(0.6) 

(3.2) 

(1.7) 

Milo 

2% 

1% 

0% 

0% 

3% 

(1.4) 

(0.5) 

(0.0) 

(0.0) 

(0.4) 

Soybeans 

— 

6% 

0% 

4% 

10% 

(0.8) 

(0.0) 

(0.6) 

(0.5) 

Winter  Wheat 

6% 

6% 

0.1% 

0% 

13% 

(2.8) 

(2.5) 

(0.0) 

(0.0) 

(0.6) 

Clover 

28% 

2% 

0% 

0% 

30% 

(30.8) 

(1.0) 

(0.0) 

(0.0) 

(2.1) 

Column  Totald 

38% 

26% 

5% 

30% 

100% 

a  Distance  from  the  shore  of  Rend  Lake;  <3  km  catagory  excludes  the  refuge. 

b  Percent  of  geese  on 

entire  habitat  route  observed  in  each  habitat. 

c  Selectivity  index  = 

percent  of  total  goose  observations 

in  each  habitat/distance 

category  divided  by  availability  of  habitat  at  each  distance  (area  of  habitat  avail- 

able  at  each  distance  divided  by  total  area  visible  from  habitat  routes). 

d  Percent  of  all  geese 

observed 

on  habitat  routes  at  each  distance  from  the  lake. 
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Rend  Lake  Wildlife  Management  Area 


Habitat  Survey  Routes 


Figure  1.  Rend  Lake,  Franklin  and  Jefferson  counties,  Illinois. 
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ABSTRACT 

Patterns  of  habitat  use  of  wintering  Bald  Eagles  ( Haliaeetus  leucocephalus)  were 
examined  along  3  sections  of  the  Mississippi  River  bordering  Illinois,  Iowa  and 
Missouri.  Data  were  derived  from  a  winter  aerial  survey  (Southern  et  al.  1985)  and 
aerial  photographs.  Habitat  characteristics  evaluated  included:  1)  presence  of  a  dam, 
2)  amount  of  woodland  edge,  and  3)  degree  of  human  disturbance.  Twenty-one  1.6 
km  segments  of  river  within  the  3  sections  were  arbitrarily  selected  out  of  143  for 
analysis.  These  segments  were  divided  into  areas  receiving  heavy,  moderate,  or  light 
use  by  wintering  eagles  based  on  importance  values.  Importance  values  reflected 
density  and  frequency  of  occurrence  of  eagles.  The  habitat  characteristics  evalu¬ 
ated  appeared  valid  for  distinguishing  between  heavy  and  either  moderate  or  light 
use  areas.  They  did  not,  however,  clearly  distinguish  moderate  from  light  use  areas. 

Five  of  the  6  river  segments  containing  dams  ranked  in  importance  value  in 
the  top  8%  of  143  segments.  River  segments  that  included  dams  consistently  had 
more  eagles  than  river  segments  that  lacked  dams.  River  segments  immediately  below 
dams  were  used  heavily  by  eagles  because  pools  of  open  water  below  the  dams 
provided  eagles  with  food. 

The  amount  of  woodland  edge  was  significantly  positively  correlated  with  num¬ 
ber  of  eagles,  regardless  of  the  presence  of  dams.  The  amount  of  woodland  edge 
below  dams  greatly  influenced  the  distribution  of  eagles. 

The  degree  of  human  disturbance  also  influenced  the  distribution  of  eagles.  River 
segments  having  undergone  some  type  of  human  disturbance  (e.g.  destruction  of 
woodland  edge  for  industrial,  commercial  or  private  development)  typically  had 
fewer  eagles  than  areas  which  were  less  disturbed.  Similarly,  river  segments  having 
roads  near  the  river  and  lacking  vegetated  buffer  zones  less  than  100  m  wide  consis¬ 
tently  had  fewer  eagles. 
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INTRODUCTION 

Illinois  hosts  one  of  the  major  wintering  populations  of  Bald  Eagles  in  North 
America  (Grier  et  al.  1983).  It  has  been  estimated  that  nearly  10%  of  the  total  win¬ 
tering  population  in  North  America,  excluding  Alaska,  resides  along  the  state’s  rivers 
(Sweet  1983).  The  occurrence  of  wintering  bald  eagles  in  Illinois  is  dependent  on 
the  presence  of  suitable  habitat,  which  may  decline  if  industrial  and  residential  areas 
continues  to  expand.  To  minimize  the  risk  of  this  situation,  it  is  necessary  to  iden¬ 
tify  zone  of  habitat  that  are  essential  to  eagle  survival. 

Habitat  requirements  have  not  been  identified  for  most  eagle  wintering  areas 
in  Illinois.  Before  resource  managers  can  propose  appropriate  guidelines,  critical 
eagle  habitat  must  be  identified  and  other  factors  (e.g.  dams,  woodland  edge,  human 
disturbance)  which  may  affect  eagle  distribution,  must  be  investigated.  Dams,  for 
example,  along  the  Mississippi  and  Missouri  Rivers  are  vital  to  wintering  eagles  (Jonen 
1973,  Steenhof  et  al.  1980,  Dunstan  and  Fawks  1981,  Southern  et  al.  1985).  Dur¬ 
ing  the  winter,  open  pools  below  dams  provide  food  for  gregarious  wintering  eagles 
(Southern  1963,  1964,  Jonen  1973,  Steenhof  et  al.  1980). 

Three  sections  of  the  Mississippi  River  bordering  Illinois,  each  having  two  dams, 
were  studied  to  assess  the  importance  of  dams,  amount  of  woodland  edge,  degree 
of  human  disturbance,  and  water  surface  area  to  wintering  eagles.  Areas  receiving 
heavy,  moderate,  and  light  use  by  wintering  eagles  were  then  compared  for  the 
above  variables. 


STUDY  AREA 

Three  sections  along  the  Mississippi  River  bordering  Illinois  were  studied:  1) 
the  northern  section  (Bellevue-Clinton,  84.8  km.  River  Miles  513-566),  including 
Lock  and  Dams  12  and  13  (Carroll  and  Whiteside  counties),  2)  the  central  section 
(Rock  Island-Oquawka,  73.6  km,  River  Miles  420-466),  including  Lock  and  Dams 
16  and  17  (Rock  Island  and  Mercer  counties),  and  3)  the  southern  section  (Canton- 
Hannibal,  70.4  km,  River  Miles  300-344),  including  Lock  and  Dams  21  and  22 
(Adams  and  Pike  counties) .  These  areas  were  chosen  because  they  all  contained  dams, 
had  at  least  one  major  eagle  wintering  ground  (Southern  et  al.  1985),  and  because 
aerial  photographs  (USFWS)  were  available  for  most  of  these  river  miles. 

Cottonwood  ( Populus  deltoides)  and  Sugar  Maple  (Acer  saccharium)  were  the 
dominant  bottomland  trees  present  in  the  three  study  areas.  Silver  Maple  (Acer  sac- 
charinum),  River  Birch  (Betula  nigra),  Ash  (Fraxinus  spp.),  Willow  (Salix  sp.), 
Hackberry  (Celtis  occidentalis) ,  and  Bur  Oak  (Quercus  macrocarpa)  also  occurred 
on  the  floodplain  (United  States  Army  Corps  of  Engineers,  1975). 

METHODS 

The  data  for  eagle  occurrence  were  derived  from  a  statewide  Bald  Eagle  aerial 
survey  conducted  by  Northern  Illinois  University  biologists  from  2  November  1984 
through  25  February  1985  (Southern  et  al.  1985).  The  aerial  survey  covered  7  census 
routes,  3  of  which  were  located  along  the  Mississippi  River.  The  others  were  flown 
over  the  Illinois  and  Ohio  rivers,  and  refuges  in  southern  Illinois.  Each  census  route 
was  flown  12  times.  The  3  sections  of  interest  in  this  study  fell  within  two  of  the 
3  Mississippi  River  route  censuses. 
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Importance  values  were  calculated  for  all  143  river  segments.  A  river  segment 
is  defined  as  the  area  between  river  markers  as  developed  by  the  USFWS.  Compu¬ 
tations  involved  in  calculating  importance  values  were: 

Relative  Density  =  Total  §  of  eagles  in  river  segment 

_ during  a  census _ 

Total  §  of  eagles  seen  in  all  river 
segments  during  a  census 

Weighted  Frequency  =  Number  of  censuses  which  recorded  at 

least  one  eagle  in  river  segment 

Total  #  of  river  segments  in  which  at 
least  one  eagle  was  recorded  during  a 
census,  summed  over  all  12  censuses 
Importance  values  were  calculated  for  each  river  segment  by  taking  the  relative 
density  of  eagles  plus  a  weighted  frequency  x  100.  A  weighted  frequency  was  used 
to  minimize  chances  of  areas  receiving  frequent,  but  consistently  low  eagle  use  from 
obtaining  a  high  importance  value. 

In  the  present  study,  21  1.6  km  river  segments  out  of  a  possible  143  within  the 
3  sections  of  the  Mississippi  River  were  designated  as  areas  receiving  heavy,  moder¬ 
ate,  or  light  use  by  eagles  based  on  importance  values.  The  top  4  river  segments 
were  arbitrarily  assigned  to  heavy  use  areas.  River  segments  having  importance 
values  less  than  3.0  were  then  dropped  from  analysis.  Then,  2  areas  above  and  below 
the  median  were  designated  as  moderate  use  areas.  The  bottom  11  river  segments 
having  aerial  photographs  out  of  a  possible  18  (aerial  photographs  were  not  avail¬ 
able  for  all  areas)  were  designated  as  light  use  areas. 

Four  heavy  (one  of  these  was  dropped  from  further  analysis,  River  Mile  343, 
because  the  aerial  photograph  was  not  available),  6  moderate,  and  11  light  eagle 
use  areas  were  identified  and  used  for  further  analysis.  Heavy  use  areas  had  apprecia¬ 
bly  more  eagles  than  either  moderate  or  light  use  areas  (Table  1).  Because  of  the 
disparity  in  eagle  numbers  among  these  areas,  more  river  segments  were  included 
in  the  analysis  of  moderate  and  light  use  areas  to  more  accurately  assess  habitat 
selection  by  wintering  eagles  in  these  areas.  Two  of  these  6  dams  studied  (Lock  and 
Dams  12  &  21)  were  not  classified  as  either  receiving  heavy,  moderate,  or  light  use, 
but  are  listed  in  Table  1  for  comparison  with  other  dams. 

Total  area  of  surface  water  (before  it  was  frozen)  and  length  of  woodland  edge 
were  determined  for  each  river  segment  using  a  digitizer  (Bioquant  II,  R  &  M  Bio¬ 
metrics).  Length  of  woodland  edge  was  defined  as  any  continuous  stand  of  woody 
vegetation,  at  least  3  rows  of  trees  deep,  bordering  the  main  river  or  side  channel. 
Both  sides  of  the  main  river,  sloughs,  and  islands  were  measured  for  woodland  edge 
in  each  river  segment.  The  resulting  data  were  used  to  determine  if  the  area  of  water 
(e.g.  sloughs,  ponds)  influenced  eagle  distribution  early  in  the  year  or  if  the  length 
of  woodland  edge  was  correlated  with  eagle  occurrence  and  abundance. 

Criteria  for  each  river  segment  were  established  to  assess  the  amount  of  human 
activity  i.e.  high,  moderate,  and  low  (Table  2).  The  amount  of  human  activity  was 
then  compared  to  the  total  number  of  eagles  observed  in  each  river  segment.  Human 
disturbance  also  was  assessed  by  measuring  the  distance  from  each  perched  eagle 
to  the  nearest  paved  road  for  one  heavy  use  area  (River  Miles  436  and  522  were 
omitted  from  this  analysis  because  they  contained  dams  and  had  paved  roads  adja- 
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cent  to  the  river  which  did  not  effect  eagle  aggregation  at  these  areas)  and  6  light 
use  areas.  In  order  to  test  for  the  effect  of  a  roadside  vegetation  buffer  zone  on  perch¬ 
ing  eagles,  the  distance  from  each  eagle  to  the  nearest  road  was  measured,  and  the 
extent  of  vegetation  between  the  eagle  and  the  road  was  noted  for  one  heavy  use 
area  (River  Mile  550)  and  6  light  use  areas  (River  Miles  320,  322,  325,  429,  440, 
and  514). 

Length  of  woodland  edge  and  average  distance  of  perched  eagles  from  roads 
between  heavy  and  light  use  areas  were  tested  using  two-tailed  T-tests  and  correla¬ 
tion  analysis  as  described  by  Zar  (1974). 

RESULTS 

Each  of  the  3  sections  of  the  Mississippi  River  had  at  least  one  segment  receiv¬ 
ing  heavy  use  by  eagles.  Three  of  the  4  heavy  use  segments  were  associated  with 
dams  (Table  1).  Five  of  the  6  dams  investigated  in  this  study  were  ranked  in  the 
top  8%  in  importance  values  of  all  river  segments  (Table  1).  Lock  and  Dam  16 
received  moderate  use. 

Length  of  woodland  edge  (Table  1)  was  positively  correlated  with  number  of 
eagles  in  each  river  segment  (Table  1,  r2  =  0.560, df  =  18,p<0.05).  This  correlation 
also  persisted  when  river  segments  that  included  dams  were  excluded  from  the  analy¬ 
sis  (r2  =  0.643, df  =  15,p<0.01).  Heavy  use  areas  had  significantly  more  woodland 
edge  than  low  use  areas  (t  =  2.21,df=  13,p<0.05). 

Half  (N  =  6)  of  the  moderate  use  areas  (River  Miles  435,  437,  456)  were  near 
dams,  i.e.  they  were  within  3.2  km  of  a  dam  (Table  1).  The  remaining  moderate 
use  areas  (River  Miles  431,  449,  513)  were  9.6-14.4  km  below  dams  that  constituted 
heavy  use  areas  (Table  1).  River  Miles  (449,  456,  513  had  high  human  activity  rat¬ 
ings  (Table  1).  River  miles  449  and  456  bordered  the  town  of  Muscatine,  Iowa  and 
River  Mile  513  bordered  the  town  of  Clinton,  Iowa. 

Light  use  areas  were  not  associated  with  habitats  immediately  below  dams. 
Instead,  6  of  the  11  (54  %)  light  use  areas  ranged  from  6.4-27.2  km  below  dams 
(x=  13.9);  the  remaining  areas  (46%)  were  1.6-4. 8  km  above  dams.  All  light  use 
areas  were  classified  as  having  either  high  or  moderate  human  activity  ratings  (Table  1). 

There  was  a  significant  difference  (t  =  2.25,df  =  75,p<0.025)  between  the  aver¬ 
age  distance  eagles  were  found  from  roads  in  heavy  and  light  use  areas.  In  the  heavy 
use  area,  the  average  distance  of  birds  from  paved  roads  was  1.5  km  ±  0.2  km, 
whereas  in  light  use  areas  the  average  distance  was  0.7  km  ±  0.2  km. 

There  was  no  significant  correlation  with  the  total  surface  area  of  water  in  each 
river  segment  (before  it  was  frozen)  and  total  eagle  numbers  (r2  =  0.092, 
df  =  18,p>0.50).  Eagles  did  not  concentrate  in  river  segments  with  large  areas  of 
water  early  in  the  year,  (i.e.  pre-ice  cover)  but  instead  were  scattered  along  the 
main  river  channel. 


DISCUSSION 

Dams  along  the  Mississippi  and  Missouri  rivers  are  vital  to  wintering  eagles 
(Jonen  1973,  Steenhof  et  al.  1980,  Dunstan  and  Fawks  1981,  Southern  et  al.  1985). 
During  winter,  eagles  forage  at  open  pools  below  dams  where  fish,  weakened  by 
going  over  the  dam,  or  killed  by  some  dams  turbines,  are  easy  prey  for  scavenging 
eagles.  Thus,  it  is  not  surprising  that  5  of  the  6  pools  below  dams  in  the  present 
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study  were  ranked  in  the  top  8%  of  all  river  segments  in  eagle  use.  Moreover,  half 
of  the  moderate  use  areas  also  were  associated  with  dams.  River  Mile  456  contained 
Lock  and  Dam  16  and  River  Miles  435  and  437  were  immediately  above  and  below 
Lock  and  Dam  17.  Although  most  of  River  Mile  437  was  above  Lock  and  Dam  17, 
about  25%  of  it  was  below  the  dam.  Seventy-eight  percent  (N  =  18)  of  the  eagles 
recorded  here  were  found  below  the  dam.  This  suggests  that  at  least  during  mid¬ 
winter,  when  the  main  river  channel  is  frozen,  that  areas  above  dams  receive  little 
use.  River  Mile  435  was  2.4  km  below  Lock  and  Dam  17.  This  area  probably 
provided  eagles  with  alternative  diurnal  perch  sites  and  possible  nocturnal  roosting  sites. 

Eagles  will  forage  at  other  areas  of  open  water  besides  dam  pools  if  they  are 
protected  from  human  disturbance,  and  contain  readily  available  food  and  shelter 
(Steenhof  et  al.  1980,  Sabine  1982,  Southern  and  Southern  1984).  River  Mile  550, 
the  only  area  identified  as  receiving  heavy  use  that  was  not  immediately  below  a 
dam  (it  was  9.6  km  below  the  nearest  dam),  had  the  highest  importance  value  of 
any  area  (Table  1).  In  an  earlier  study  by  Southern  et  al.  (1985),  this  area  was  iden¬ 
tified  as  the  northernmost  essential  wintering  area  in  Illinois.  Historically,  this  area 
has  received  heavy  use  by  wintering  eagles  for  3  reasons:  1)  it  contains  numerous 
shallow  lakes  and  sloughs  which  provides  eagles  with  productive  foraging  areas 
(Southern  1963),  2)  it  is  secluded  from  human  disturbance  during  the  winter  (Koller 
et  al.  1981),  and  3)  dense  stands  of  riparian  timber  provide  eagles  with  daytime 
perching  and  nocturnal  roosting  sites.  It  should  be  mentioned  that  this  area  received 
heavy  use,  in  part,  due  to  the  management  of  Lock  and  Dam  12  by  the  U.S.  Army 
Corps  of  Engineers.  If  the  amount  of  water  passing  through  the  dam  was  reduced 
it  would  have  pronounced  effects  on  eagles  downstream  as  pools  below  dams  would 
freeze  solid  and  the  availability  of  food  would  decrease  drastically. 

Eagles  preferred  areas  which  not  only  had  available  food,  but  also  had  plenty 
of  riparian  woody  vegetation  nearby.  Length  of  woodland  edge  was  positively  cor¬ 
related  with  eagle  numbers.  Heavy  use  areas  had  significantly  more  woodland  edge 
nearby  than  light  use  areas.  Similarly,  dams  having  more  woodland  edge  nearby 
(e.g.  Lock  and  Dams  13  and  17)  had  more  eagles  than  dams  which  had  less  wood¬ 
land  edge  (e.g.  Lock  and  Dam  16).  Lock  and  Dam  16  which  had  the  lowest  total 
of  woodland  edge  for  all  river  segments  studied  was  the  only  dam  which  received 
moderate  use.  Wooded  areas  below  dams  received  more  use  by  eagles  than  less 
wooded  areas  (J.  Paruk,  pers.  obs.).  Because  eagles  need  suitable  daytime  perching 
and  nocturnal  roosting  sites  (Jonen  1973,  Steenhof  1978,  Sabine  1982,  Southern  and 
Southern  1984)  they  would  be  expected  to  occur  in  areas  offering  this  type  of  habitat. 

The  remaining  moderate  use  areas  (River  Miles  431,  449,  513)  were  9.6-14.4 
km  below  dams  identified  as  heavy  use  areas.  Although  these  areas  bordered  towns, 
they  still  received  appreciable  use  by  eagles  because  they  had  more  woodland  edge 
than  most  other  nearby  river  segments.  These  areas  were  below  dams  and  it  is  pos¬ 
sible  eagles  use  these  areas  as  resting  spots  because  they  have  more  woodland  edge, 
i.e.  protection  from  human  disturbance  and  cold  temperatures. 

Two  of  the  3  heavy  use  areas  had  low  human  activity  ratings  whereas  the  moder¬ 
ate  and  light  use  areas  did  not.  This  supports  the  contention  that  human  distur¬ 
bance,  near  Bald  Eagle  wintering  grounds,  can  have  drastic  effects  on  eagle 
dispersion  (Stalmaster  and  Newman  1978,  Griffen  et  al.  1980,  Knight  and  Knight 
1984,  Southern  and  Southern  1984).  Lock  and  Dam  13  (River  Mile  522),  however, 
received  heavy  use  despite  having  a  high  human  activity  rating  (Table  1).  This  may 
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be  due  to  large  islands  immediately  below  the  dam  that  provided  eagles  respite  from 
human  disturbance. 

Sabine  (1982)  reported  that  perched  bald  eagles  tolerated  moving  automobile 
traffic,  but  flushed  when  vehicles  stopped  or  when  people  approached  on  foot. 
Stalmaster  and  Newman  (1978)  found  that  vegetated  buffer  zones  around  perched 
eagles,  even  if  near  roads,  reduced  the  negative  reaction  of  eagles  to  human  inter¬ 
ference.  The  heavy  use  areas  (River  Mile  550)  had  a  densely  vegetated  buffer  zone 
that  was  0.9  ±  1.20  km  wide,  whereas  the  light  use  areas  had  vegetation  that  was 
only  0.1  ±  0.3  km  wide.  Similarly,  the  nearest  paved  road  to  the  water  edge  of 
the  heavy  use  areas  was  1.5  km  ±  0.2  km;  whereas,  paved  roads  were  closer,  0.7  km 
±  0.2  km,  to  light  use  areas.  The  results  suggest  eagles  avoid  well  used  roads  if 
an  adequate  vegetated  buffer  zone  does  not  exist.  Bald  Eagles  are  extremely  sensitive 
to  human  disturbance  (Stalmaster  and  Newman  1978,  Knight  and  Knight  1984, 
Southern  and  Southern  1984)  and  in  areas  that  are  highly  disturbed  by  humans  (e.g. 
barge  traffic,  boating  and  fishing)  feeding  efficiency  declines  because  eagles  spend 
more  time  scanning  as  the  possibility  of  human  encounters  increases  (Knight  and 
Knight  1984).  Management  strategies  to  protect  Bald  Eagles  should  include  mea¬ 
sures  to  reduce  human  activity  in  critical  areas. 

As  riparian  timber  is  destroyed  during  development,  it  becomes  critical  to  pre¬ 
serve  those  areas  with  trees  bordering  the  river,  especially  zones  of  riparian  timber 
immediately  below  dams.  These  areas  are  vital  to  the  survival  of  the  Bald  Eagle 
in  the  Mississippi  and  Missouri  Valley  Region.  Areas  between  dams  become  more 
important  where  there  is  little  woodland  edge  near  the  dam  itself.  Buffer  zones  of 
vegetation  bordering  winter  eagle  use  areas  can  be  effective  in  reducing  human  dis¬ 
turbance.  Strips  of  vegetation  which  efficiently  reduce  line-of-sight  contact  will  allow 
a  closer  presence  of  human  activity  to  perched  eagles.  In  Washington  State,  buffer 
zones  of  up  to  100  m  wide  are  recommended  for  protection  of  key  wintering  grounds 
where  disturbances  are  common  (Stalmaster  and  Newman  1978).  If  the  Bald  Eagle 
is  to  continue  thriving  in  this  region,  resource  managers  must  take  proper  steps  to 
ensure  the  preservation  of  valuable  riparian  woodland  edge,  establish  restrictions 
which  limit  the  amount  of  human  activities  near  zones  of  critical  wintering  grounds, 
and  create  or  protect  vegetation  buffers  where  needed. 
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Table  1.  Total  number  of  eagles,  importance  values,  length  of  woodland  edge, 
and  human  disturbance  ratings  for  Mississippi  River  Miles  having  heavy, 
moderate,  and  light  use  by  eagles. 


River 

Mile 

Total  § 
of  Eagles 

Importance 

Values 

Length  of 
Woodland  edge 

Human 

(km)  Disturbance 

550  HEAVY  USE 

84 

104.0 

18.1 

Low 

436  (L&D  17) 

70 

62.8 

17.0 

Low 

522  (L&D  13) 

74 

51.5 

8.8 

High 

300  (L&D  22)** 

54 

44.0 

— 

— 

MODERATE  USE 

513 

19 

16.8 

18.9 

High 

435 

22 

16.2 

7.6 

Moderate 

449 

16 

16.1 

9.0 

High 

431 

22 

16.1 

8.0 

Moderate 

437 

18 

15.7 

12.9 

Moderate 

456  (L&D  16) 

18 

15.2 

4.2 

High 

LIGHT  USE 

440 

8 

6.9 

10.4 

High 

459 

7 

6.6 

9.9 

Moderate 

514 

8 

6.1 

10.7 

Moderate 

322 

6 

5.2 

6.2 

Moderate 

515 

6 

5.1 

6.7 

Moderate 

439 

5 

5.1 

9.1 

High 

325 

7 

5.1 

4.8 

High 

429 

7 

4.9 

10.2 

Moderate 

566 

7 

4.7 

9.4 

High 

445 

5 

4.0 

7.5 

Moderate 

320 

5 

3.9 

5.3 

High 

OTHER  DAM  AREAS 

324  (L&D  21) 

43 

31.0 

— 

— 

555  (L&D  12) 

50 

30.3 

— 

— 

*Abbreviated  for  550-551,  436-437,  etc. 

** Aerial  photograph  could  not  be  obtained. 
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Table  2.  Criteria  for  classifying  high,  moderate,  and  low  levels  of  human  activity 
along  the  Mississippi  River. 


HIGH 

MODERATE 

LOW 

Roads  paralleling  the 

Roads  paralleling  the 

Roads  not  paralleling 

river  with  little  or 

river  with  some 

the  river  and  extensive 

no  (0.0-0. 2  km) 

(0.3-0. 7  km)  vegetated 

(0.9- 1.6  km)  vege- 

vegetated  buffer  zone 

buffer  zone 

tated  buffer  zone 

Habitat  altered  (e.g. 

Habitat  slightly 

Habitat  unaltered, 

cities,  bridges, 

altered  (e.g.  some 

human  developed 

farms),  numerous 
human  developments 
50-500  houses,  1-3 
industrial  plants 

farmland  and  residen¬ 
tial  housing),  occa¬ 
sional  human  develop¬ 
ment  (10-30  houses, 

1-2  industrial  plants 

absent 
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ABSTRACT 

Arenaria  groenlandica  (Retz.)  Spreng.  var.  groenlandica  is  reported  from  Illinois 
for  the  first  time.  This  represents  the  first  report  for  the  species  in  the  Midwest. 

Botanists  familiar  with  species  of  Arenaria  know  that  it  is  not  unusual  to  find 
them  colonizing  disturbed  ground.  Marchand  and  Roach  (1980)  reported  A  groen¬ 
landica  (Retz.)  Spreng.  as  one  of  four  “potential  early  colonizers  of  disturbed  alpine 
tundra  in  the  White  Mountains  of  New  Hampshire.”  The  same  authors,  Roach  and 
Marchand  (1984)  introduced  A.  groenlandica  and  two  other  species  in  an  alpine  area 
of  the  Appalachian  Trail  disturbed  by  excessive  human  activity.  They  concluded  that 
there  was  little  difference  between  the  patterns  of  establishment  on  hiker  disturbed 
sites  and  on  naturally  open  undisturbed  sites. 

In  May  1985,  this  author  found  A.  groenlandica  var.  groenlandica  growing  in 
the  cracks  of  sidewalks  on  the  north  side  of  metropolitan  Chicago.  Plants  were  also 
found  along  a  rock  border  in  front  of  a  residence  which  is  behind  the  sidewalk.  The 
owners  of  the  lot  say  that  the  plants  have  been  there  for  years.  The  plants  along  the 
sidewalk  receive  heavy  foot  traffic;  those  along  the  rock  border  do  not.  In  both  areas, 
the  plants  are  colonizing  bare  soil.  After  observing  the  plants  for  over  a  year,  both 
colonies  seem  to  be  on  the  increase;  and  similar  to  the  findings  of  Roach  and  Mar¬ 
chand  (1984),  there  appears  to  be  little  difference  in  the  patterns  of  establishment 
when  comparing  the  plants  in  the  heavy  traffic  along  the  sidewalk  (the  disturbed 
site)  with  those  along  the  rock  border  which  is  not  subject  to  repeated  disturbance. 

This  find  represents  the  first  report  not  only  for  Illinois,  but  for  the  Midwest  as 
well.  Heretofore,  the  species  was  known  from  Greenland  to  the  Gaspe  Peninsula  and 
Nova  Scotia  in  Canada  and  in  the  United  States  at  higher  elevations  along  the  east- 
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ern  seaboard  states  from  Maine  to  North  Carolina  (Gleason  and  Cronquist,  1963). 
The  Chicago  population  is  the  westernmost  report  for  the  species  being  almost  900 
miles  west  of  any  of  the  eastern  populations.  Lake  Michigan  is  only  four  miles  away 
from  the  Chicago  population  of  A.  groenlandica ,  and  one  could  speculate  that  the 
plants  got  their  start  from  seeds  transported  by  ships  coming  through  the  St.  Lawrence 
Seaway.  (The  seeds  are  less  than  a  millimeter  in  length.)  Therefore,  it  would  not 
be  surprising  if  investigators  eventually  find  A.  groenlandica  in  Michigan.  One  could 
also  suggest  that  the  seeds  came  in  as  a  contaminate  in  grass  seed;  but  if  this  is  the 
case,  then  why  have  more  reports  not  been  noted  outside  of  the  northeastern  U.S.? 
A  possible  answer  is  that  it  is  a  small  and  inconspicuous  species  which  is  easily 
overlooked. 

Specimens  have  been  deposited  in  the  herbarium  as  SIU  and  in  my  personal  her¬ 
barium.  I  wish  to  thank  Dr.  Robert  Mohlenbrock  at  SIU  for  verification  of  my  deter¬ 
minations. 

Specimen  examined:  Arenaria  groenlandica  (Retz.)  Spreng.  Cook  County,  Illinois. 
5300  Block  of  N.  Spaulding  Avenue,  Chicago.  Hattaway  5326  (SIU  and  personal 
herbarium). 
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CAREX  BRUNNESCENS  IN  ILLINOIS 
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ABSTRACT 

The  occurrence  of  the  sedge  Carex  brunnescens  in  Illinois  is  reported  for  the  first 
time. 


RESULTS  AND  DISCUSSION 

Carex  brunnescens  (Pers.)  Poir.  is  a  circumboreal  sedge  that  occurs  in  North 
America  from  Alaska  to  Greenland,  south  along  the  Appalachian  Mountains  to 
North  Carolina,  and  west  to  Utah  and  Washington  (MacKenzie,  1940;  Fernald, 
1950).  This  paper  is  the  first  report  of  this  species  in  Illinois,  where  it  occurs  at 
the  southern  limits  of  its  Midwestern  range  in  Gavin  Bog  and  Volo  Bog  Nature 
Preserves  in  northwestern  Lake  County.  The  Illinois  material  is  referable  to  the 
var.  sphaerostachya  (Tuckerm.)  Kukenth. 

Fruiting  specimens  of  Carex  brunnescens  were  collected  from  Gavin  Bog  in  July 
and  October,  1985,  and  June,  1986  ( Taft  &  Solecki  1793,  1877,  2064,  2067  ILLS; 
and  2066  MOR)  during  a  floristic  inventory  of  the  preserve.  This  discovery  post¬ 
dates  two  previous  but  unreported  collections  of  this  sedge  in  Illinois.  C.  brunnescens 
was  collected  twice  in  fruit  from  Volo  Bog,  once  in  1948  ( Evers  10338  &  10342 
ILLS)  and  again  in  June,  1985  (Swink  &  Johnson  5306  MOR).  Volo  Bog  lies  6.5 
km  southwest  of  Gavin  Bog. 

At  Gavin  Bog,  this  sedge  is  locally  occasional,  growing  in  a  tall  shrub  and  for¬ 
ested  bog  among  tussocks  of  Sphagnum  spp.,  and  Carex  trisperma  Dew.,  and  under 
Ilex  verticillata  (L.)  Gray  and  the  exotic  shrub  Rhamnus  frangula  L.  Other  associ¬ 
ates  include  Larix  laricina  (Du  Roi)  K.  Koch,  Vaccinium  corymbosum  L.,  and 
Trientalis  borealis  Raf.  Since  the  two  known  Illinois  populations  are  within  state 
nature  preserves,  it  seems  likely  that  the  populations  will  survive  as  long  as  the  bogs 
remain  as  intact,  stable  communities.  Nevertheless,  we  feel  that  this  species  should 
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be  considered  for  listing  as  state  endangered  since  it  is  restricted  to  a  rare  habitat 
type  for  Illinois  and  is  found  at  only  two  sites  in  the  state. 

Further  north  in  the  Great  Lakes  region,  Carex  brunnescens  is  not  restricted  to 
bog  communities.  In  Michigan,  this  species  is  widespread  and  is  found  in  low  woods 
and  occasionally  in  bogs  (Voss,  1972).  In  northern  Wisconsin,  C.  brunnescens  is 
common  in  wet  forests,  but  in  southern  Wisconsin  it  is  principally  confined  to  tama¬ 
rack  bogs  (Fassett,  1976).  This  sedge  occurs  in  at  least  one  bog  in  Kenosha  County, 
Wisconsin  (Swink  and  Wilhelm,  1979),  the  county  immediately  north  of  Lake 
County,  Illinois.  C.  brunnescens  was  only  recently  verified  in  Indiana  (Anonymous, 
1986),  where  it  occurred  in  a  wooded  depression  in  the  extreme  northeast  corner 
of  the  state  (Jim  Aldrich,  personal  communication). 
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ABSTRACT 

A  new  record  of  occurrence  of  the  smallmouth  buffalo  was  documented. 

INTRODUCTION 

On  August  14,  1986,  a  smallmouth  buffalo,  Ictiobus  bubalus,  was  captured  by 
seine  from  Lake  Michigan  at  Evanston,  Illinois.  This  is  the  first  record  of  its  occur¬ 
rence  in  Lake  Michigan.  In  a  pre-1908  sample,  the  smallmouth  buffalo  was  found 
in  Wolf  Lake  in  southern  Cook  County,  Illinois,  but  in  post-1950  samples,  the 
smallmouth  buffalo  was  found  only  in  the  Illinois  River  and  other  major  rivers  to 
the  west  and  south  of  Lake  Michigan  (Smith,  1979).  The  smallmouth  buffalo  was 
last  captured  in  the  Lake  Michigan  Basin,  i.e.,  St.  Joseph  River,  Michigan,  prior 
to  1930  and  was  believed  to  be  extirpated  in  the  Basin  (Becker,  1976). 
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ABSTRACT 

Oniscus  asellus  L.  (Crustacea)  acts  as  an  agent  of  endozoic  dispersal  of  Physa- 
rum  viride  (Bull.)  Pers.  (Myxomycetes). 

INTRODUCTION 

There  is  little  information  on  the  ecology  and  spore  dissemination  of  myxomy¬ 
cetes  despite  the  wealth  of  floristic  and  taxonomic  data.  According  to  Brodie  and 
Gregory  (1953)  wind,  rain,  and  arthropods  serve  as  agents  of  dispersal  in  the  myx¬ 
omycetes  with  wind  being  the  most  important  of  the  three.  Gray  and  Alexopoulos 
(1968)  state  that  the  significance  of  arthropods  as  the  means  of  spore  dispersal  is  not 
known.  Ing  (1967)  gives  an  account  of  the  organisms  using  myxomycetes  as  a  source 
of  food.  He  observed  Trichoniscus  pusillus  Brandt  and  Oniscus  asellus  L.  feeding  on 
Trichia  varia  Pers.  and  Arcyria  denudata  (L.)  Wettst.  Roubic  and  Wheeler  (1982) 
reported  that  members  of  the  genus  Creagrophorus  (Coleoptera)1  feed  on  epigeous 
fungi  and  slime  molds.  Snails  ( Limax  sp.)  were  observed  eating  both  plasmodia  and 
fructifications  of  Symphytocarpus  flaccidus  (Morgan)  B.  Ing  &  Nann.-Brem.  (Elias- 
son,  1981).  This  author  also  observed  some  unidentified  beetles  covered  with  spores 
on  sporangia  of  several  species  of  myxomycetes  and  concluded  that  insects  may  be 
an  important  agent  of  dispersal. 

Although  epizoic  dispersal  is  of  common  occurrence,  only  a  few  reports  of  endozoic 
dispersal  appear  in  the  literature.  Upon  dissection  of  several  specimens  of  Trichoniscus , 
Ing  (1967)  found  myxomycete  spores  unbroken  and  apparently  unaffected  by  diges- 

1  According  to  Wheeler  this  is  a  member  of  the  Coleoptera:  Leiodidae. 
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tion  in  the  digestive  tract,  concluding  that  woodlice  act  as  agents  of  dispersal  of  myx- 
omycete  spores.  Keller  and  Smith  (1978)  observed  that  the  mite  Tyrophagus 
putrescentiae  Shank  ingested  spores  of  Didymium  sp.  which  were  viable  after  pass¬ 
ing  through  the  digestive  tract  of  the  mite. 

MATERIALS  AND  METHODS 

During  a  recent  follow-up  study  of  the  myxomycetes  of  Blackhawk  State  Park, 
Rock  Island,  Illinois  (Troll,  1975),  I  observed  woodlice,  Oniscus  asellus  L.  feeding 
on  the  fructifications  of  Stemonitis  jusca  Roth  and  Physarum  viride  (Bull.)  Pers. 

In  order  to  determine  if  this  species  acts  as  an  agent  of  dispersal  of  myxomycete 
spores  I  collected  several  specimens  along  with  the  slime  molds,  put  them  into  a  large 
Petri  dish  containing  moistened  paper  toweling,  and  placed  them  into  a  dark  cabi¬ 
net.  After  24  hours  all  slime  mold  sporangia  were  devoured.  After  another  24  hours 
I  examined  the  gut  contents  of  several  specimens  and  their  fecal  pellets.  Both  con¬ 
tained  myxomycete  spores.  Subsequently,  using  sterile  materials  (except  the  fecal 
pellets),  I  placed  some  paper  toweling  into  a  Petri  dish,  added  a  thin  slice  of  partly 
decayed,  sterilized  wood,  and  inoculated  it  with  a  mixture  of  fecal  pellets  and  water. 

The  contents  of  the  Petri  dish  were  observed  daily  except  on  weekends.  A  few 
drops  of  sterile  water  were  added  occasionally  to  prevent  the  wood  from  drying  out. 
After  5  weeks  and  no  observable  changes,  I  ceased  the  addition  of  water  but  con¬ 
tinued  intermittent  observations. 


RESULTS  AND  DISCUSSION 

After  10  days  I  found  a  sparse  stand  of  Physarum  viride  sporangia  on  the  paper 
toweling,  but  no  Stemonitis. 

Perhaps  the  microenvironment  was  not  suitable  for  the  Stemonitis  under  these 
experimental  conditions  and  no  conclusion  as  to  the  viability  of  Stemonitis  spores  can 
be  drawn.  However,  it  is  clear  that  the  Physarum  spores  in  the  fecal  pellets  germi¬ 
nated  and  subsequently  produced  typical  sporangia,  proving  that  Oniscus  asellus  dis¬ 
perses  the  spores  via  the  ingestion-defecation  route. 
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ERRATUM 

Transactions  of  the  Illinois  State  Academy  of  Science  acknowledges  that  Volume 
79,  Numbers  3  and  4,  1986,  contains  errors  in  articles  by  A.R.  Armin,  G.L.  Winters, 
R.  Grandini  and  J.V.  Robinson,  “S-100  protein  in  the  differential  diagnosis  of 
metastatic  amelanotic  melanoma  from  undifferentiated  carcinoma,”  and  R. 
Grandini  and  K.A.  Doe,  “Human  plasma  protein  c  in  liver  diseases:  a  histopatho- 
logical  study.”  Fig.  1  on  page  267  should  be  Fig.  1  on  page  275  and  vice  versa. 
In  addition,  Fig.  2  on  page  276  should  be  fig.  3  on  page  276  and  vice  versa. 
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